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c&j--&g-j j$?-I%W$j 

The dcfsmee of u posittlon ix~lien the aacsssiQy of gj.v+j-Jyg 

la tbo defenders the rnems of remaining cm ~the battle gzwmd, 5.2 

“he best oondltfons af mterial and msPaZ, SocnPlty, notlvithstianding 

ti ?;a proj0etila3 &ei .xi&2:c”“i,n.o~ of all kin3s Flwixh the aassilant may 

m3 ox;-p~“9;‘~e~l3cQ of recant ba’ttlas* espsciagpJ $hcrse af 

nxa.m E&d -r;bc Samme f has 3h0ljyilf -t&q o-Yes iaacseasing intensity of -thG 

iit! s tJx?t~.oe ac*a;i~n whi@h the ar-i;ilXer~ is capable sf producfngo The 

c Qntj.n-&JJ iyjcpc ty l 
“tnAng use of pieces of largar calibrc; firing mCsr0 

*3nd lilOiYL’(3 po’“K?Y f-L%,1 explosriTer; 1 the great impravement in t;ke 
% 

l.iwch‘oda 03 ‘Lc~r~~CE3ttTi~l. alld &erial oba@rvatiOn, -he the &estrLctis-Q 

9f $j,JJy G-LL;p c I’ ;‘” = lCi3J axYan~;easat and any ina-ufficielltly protect2;a 

‘. 1 
3leltcr absolutely c.mtain, If their posi-tion has baen dkscavered~ 

To tboss@ neans of destruction must be added the as+phyx- 

kstfng gas0 3, tv?xtT~~sr coming from special machines OF from the 

Ax%ilfery, and against which the defender must be protected. 

The.3 sheltcr3 to be built in the defo-wive posfLions wi12 

-th.:;.s havs 2; 0 Pu.P 1.i. Mm follov~ing condttions : - 

1, IBe proof a@mzt a b~~+z&vwt proceding an attack- ---___p-w 1s____cI 
2. JjlsC ;$r?,T (11 yyic;c.: I; .pJ 3yG;;Q62'1r'.g(? <"'"?" ,- ,-WI* _. - . . " h ,%Z,,., ..+I j _-I- , x,-...+._._e i ;.: Al $TJY In (7 I nl"d.." ., . . CA I - . ..- * .%A>' *I. ,--.-. "- . -~-u- G thc?T .*I.- I. 

-: _ < : il : a ! ; ,.. -* :I:: '5. .3,* ̂ <r ,.+sqr .I . . . . .a*%..) .,"..--.mL 
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3. Offas the ‘uegtt habitablae conditions, 

4. BOto~t the cc cupants against the aoticm of aexeteriw. 

cm8 and asphyxiat 1, nt’ TBijos. 

&king the shelters pTOO% agdnSt a mathodicsl. bombafcd- 

mcnt ~911 be ob-t~~~~~~~ by c~~~&p~cU.on, Q czqable of resist?.ng the 

effceta of -the p3rxl-o ssct;ilcs usu&lLg O3plOJ~Cd 

m/m 

‘LC &cc tr 0;; dq t p.:.~ s, 

that is high gowar 210 ~'j~~lls arxi hxg~r c8libers* 

But ux3 Qo-JJe: uf t)lo!:f: irxg3r shells is so $rc.ff fj $hz,t 9 

i$ i;rould n?,ect’g:;i tt.. *;-;2 +yTcrtjf i;;i?.nrtnnt coc&ractf.ons, usurl2.y diffictal ‘G 

tQ ?gj&+e* 50 i,t PC-: lje:;t2 jJj ,;;C fit3lii. COl2St~UCtiCll1, t;S ii.fiit OUXSCl~- 

7-r 0 $3 to pretect90E afp Inzst; El.:; 1li$!. powcsr 210 ShOLl~, sei that r$j.fl 

gf-i-ct a , - auffic*icQt afxxwity xk wx3t cs32xsw 

1-k 58 an3y in caseE3 cvhar~ ahsX&or sail1 hsvo to be m%de fr: 

works of&ring ELI-I f~postmt and cXa& object to the ennemy ,su~h 9s 

c2rtM.n looali~iss, the defenses of a point that rnus-I; bo 

pEt8geag a brfilge -hsod, otc e ,, that v?Q will seek for protectfon 

againat XWs, ?~EK~~EI and even 420?ae 

aI0 oxa.ma.natfon of the 0ffects of artillery projactilos 

has leaa us (in 8 previouf3 ohQ-, to the calculuticm oi” the nece3- 

S&ry pXClt8C? tiVQ. t2ll.G km=3 j the results BFO surarmzrizad in S;h;c; follow- n-- 

ing tables * 
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Broken stones 
- or w3xda 
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.Qe50 

We will. AO!tP EIxx~~~ suc~essisely the undergrcmnd dugouts CXUI 

smfaca shslt0rs and 886 hm? to zmCl.A.se 3s tuefr construction, the 

@XM-%%1 condttdone ~222a~8lYh3 d @&n’~ a 



-5- 

x *- CHOICE OF TEE GE=& PUB%* 

Ths choice of a plan for 8 dug-outi wKL3. depend m ifa me ad 

$seation (f4b ffrst-line dug-out for Infswtrg, for reenforoementa, 

e ommandiag post ~ , &aBSfMg-8&B&iQ1I1fl, ~ehfne-~ psitfoaa, et&q, * ) 

The Undergmmd dugouts work being generallg a diffbcu3.t Job, 

becanae of the time and tlm men it lx&es, one shotid aaw~ya, by & 

~welfl thought out ehaice of the situaki.ms, snd their dLstribatian or 

general arrangement, aaopt con%tsuction% that will nece%sitate the 

Pea%t ;aalior. 

In some' cases, ths wmstruction of tp3 dug out muat be prsgres 

8x2323, that is, allow for its owxp3tf0n before its csmplet90n0 The 

general arrangement of the roon8 und commicatfons with the oubi.dc: 

must then be so planned that the sccupatebon af the dug-out wotid 

srPot prevent its comp%Otfone 

We wflh -t&e up succeaslve~y the outlets md Dhe mfn bodbs 

of ale dug cmt8s 

23 e- AF@A~~~rJTS QI? TEEi OUTLETS. 

0 entsg wayf3, a1weqm at laast %ws; and three if possible 

giving and entrance and exit to the dxxg outs, must mtisfy the 

fs%llow2mg oonditQm3~ j 



B la- 1aDlJCTlON @I? T-BE PossIB%L~~~ OF Ali QBSmUCTED EI;:AlJcE 
Weakest part of the: ~jC3tCZ”L 

m-a- v-4 

c P - EBFKCACEOUS DEFX:1iSS m @-&SE c?I? aiti l3.3m It.& ID * 

D e- psKs~~ic% TO TB sm’L1c ASJBZEI A$ DYIY@u.jigc ElJERGIES, -I--.. 
@.&USED By Tm ~%;OSK@~~ OF :P2sJB@TxmS* -II*) .~ 

These camnuniaatians can be mr,de +iqy gaIJ.erdes or Fy shafte, 

gjJJ&~Ry f’Jy--J+Jp~ i _ 

.m- 

B ~ ~~~~~~~~ ys* -a :&Jvg~ay&> i.11 8 gsllexy cEstlet vii19,, ba; much 

es.sieY if the slr;pa ST t‘ne fPoor ia Emgm t3.nd $A+ %.Ls c,a<ri3s- 
i 

Bection, in. a -Cre.~t~icn3., -plane I- ardoill al!,ow %or the pasaag9 of an armed 

and E q*ufppe d lllt3.n. * me height of the gall f&xry measured ocrt%cai2y, 

maist not lx? lsss than %.,8@ met~rcs Ra:f- 2 2J s%ops,- f% must be %,$O -“-m -m --*a- 
metsea x$xJ a 3/1 LLi3~~** 

The aur,G~anf of the nZsps wil$ be de: bxxxiKled by Che 9 sszak 

fopo@agh~ and the dep%h of i&e dug UUJ;; bat in a ga-%wtlc~Zly hasf- 

zontal temain, 9% is W$l% to adopt a 1/l slope, ai3 that !KI.ll allow 

Z;hs fo;klowfng advantages: - - 

lzimxJC !nm OP *~~&J~~~(J~ 6Jq-j Sf’~$&$~yJf$-& “.MFVI 
The diffe~~nca in %be ‘tpolune@ af eiasth sc!rt:s-v~d Pmm a l/x 

and Ilc a/3 slope both I.c3Ekdin- e to a dug-out at a depth of 9 me-hers 

fs about 9 cub%o msfxxs~ 

8. i?‘@XNCTX:O~J OP I?-UL~J~~A~~ ~~;GTB. -e--+m---~)I”-..l”*IIL. I -- ._ 
The differsnce in the levels reached by a @Mm:; of 211 

saoge and one.3 of 2/3 slcipe ps cl,33 me tera GOT a horfzontal di.s- 

tarce of 1 meter; the %hfckness of 3~2th .!$kmve the @.bry thus Tn.- 

CFB8S@S WFy 323pid%$ and favora the attaining of tbo conditions of 

msfstance impose6 upon 

3x3 l/l slope considered a4;1 the 
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Zimlttn~ both because of the difffculties of cZfmbPng $ 

steeper Jspe * arad those thsrt fts sxecutloa woabd entafl. 

5, ?EDUCTTOB. OF !XE POSSIBILITY 08' Ali OBSTXUCTED EMmTU'CEe 

Thl;s IKKL be obtafmd first of aXZ by cleasia~g away frmn the outer- 

entrance alf, mterfa.13 that ~O~litd, in cas8 of a turning o-oer Uf th8 

grl>und, m&e ti mask difficult to p~tss through; to this end, no 

Zmbcr or log covcm for the entrance will be made, 

The prateit"clon wfll also be Pncreased - 

L By oommencfng 65 gallery w%th an initla3. protection of 

8% least 3 mahm %f 'bxtxral earth, that ~131 be refnforced by the 

earth first excavateb, or better, by two thieknssses of logs, 0~ 
. 

Lraila, --mm or Bwatsrs separated by 8,50 ms”C;ers of earth, (3ee plates 

1 and 2ja 

TAs best pro%ection, when practicable, IS given b$ a 

concrete mass campletsfy surm.m&lng the firat two or ‘three frames 0 

esee pJatiel.3 3 and 4). 

ZL By placing the -framss sida by s%de far ths first 4 or 

5 meters 0-S the incfine6 

CL= DDZF5liSX OF Trn EBTU~CES @i Duo OUTS* 
- -..uI-- 

The assaflfants, having arrive8 at the entrances of dug- 

outs * will try to reduce the reai~tance of their occupants by 

thrswirzg ~nslde grenadss or bun~~g liquids, 

K-4;” all the entrance6 to a Aug out are attacked sllziulta- 

ne msly * ff will lx3 -~-cry &i.fflcult if not impossible, for the 

occupants to esca’pa, unless relfsf wx~cs from the outside in %he 

mm of 8 counter-attack* 

tl%s defense cf dln,g out3 ci:b~.st be planned 512 such a fash?dm 



buti that ia t;hyy ~-pj,o-iJ~~ StlGCeCd, thy can bo dril?en lmJ.5: by &i.% 

cou.~~ex -at;ta,ck na6c -iq ‘i;hc Q@~~ ants of $he dug cm-L P 
TE -QYJiQ~~JS$ ISILL mus 3s -yJ>;yTJ?~QH: 1 -vs?.v-- -.-- ci-.. 

mi s I’ 0 ;3 u3. :a ;~ill be obtG.ned by creaCng : rCI 

1, Iramaa%$,toZy ‘lae&&e thu spg,fJim4g, ‘~pozlts~r thati are able to 

keee, cq curtain :i?,::.T:x (b$,rrqp) :,yj&$h ]y$"flQs ,rt1,1& gyQ~~&(&jd y?l the -w-x"r.-..cIrh..\ -2 

aiii from which Illill i s s u e -!jl;n p,r”t 0-f $hc: $tir.“s -j”.;o1j &!~#;l-j:j.<:$& t(-J 

maBe fhe ~Oun.%;3~ kk y,.?&.:..i::” 

r;s’%tla (-Jq?; <>fi, i; 3 “pyy7j. de (j T>J j. tj: “t’&f’i; c qy,; niqy ^I;:,% ;J L,;,-‘L’r-.&:yy$ *.^ 

mont &yj”ll bo vQq7 Qks-/ (S3c p&i&c 5-e 301 c$?ncf-:3Gyi’ $ &rg 0u.t ) 6% 

& l@VQ$ y&t& f-J)-; fij$o:< 0 a-i;ey cntrsfiee y ; -p;y c”&T: be rcachc& by 

stair3 * &c&ad must *!LJz as f@J, &.S pyJ;;j*lJi<~ $)&-&y~~(-Jf* 

y&f central gnllerg, coming out $0 t&3 XCrrI’, d.11 SQrvB 

to mke the comter tdmmlcse Bssidas this, the entrsizacez to dqp 

outs uwt hs9e 8 ~iohj.eanO’!(~~~-~)in & -wxW;=EL~ piano, can be us&i 
CHtCAAN 

for an interior acf~::nsB* Ths g-Jara tht is postca in the ma&l body --’ 

of the dug aixt, a-i; 8 cazpth of 8 mctrea, dominate3 the lower story 

(PO i&am3 daep) 8Qes IA%3 ahmxxry trxTfso there m?ld c8n l?it him 

with his grona&.~ sp d&h the a ’ a~ r I t+r finds himself in -wry wck- 

varable conditi..cjas t;o ‘~338 his weqoas 7 also the grenades %Ixown 9u 

from the au-f;sido cxzpl.od~~ QM the lo~rer ~IOOPP, ~q%.t2lout hurting the 

men in the maila -ijgQ QL? the dug outs 

The .xzmstsuctians that hwro j-x$ been described arc typical, 

and -&au@ they porm1-b thC bcrfcas~ of t’rL3 o-dtl,s tti;;, they are imon-- 

--. 
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~$~~j”&?.:,i t1-y ~~f~Tj”~~i~$i y;;lj. i: x‘pQ~~~j-tJ+c & )$ n$&s I 1-t vaauld be bcttcr,* in 

rraost oases p -e; 0 3 -&I s i; ?. i; L1 te fax- the32 +ux? ssmpxer arr:anger;lont called 

the rr Bil ix&r dea i.P lqi L 1’1 -1 fn”rx?rios rj(yfens<3, fpQ$tes 1 @Ed z), -~~.kr~,~.-~_q_y_I___c_cIIy 

1-b 3.u CO31J!L13e;‘d of; (fez- & pJGtectL~0 aepth of about 4 

meters of earth) a fasox of 2,5Q mofors, aksse eo receive, 

after ~smp~etfon 9.2 t-ha dug out, a agl,-;i;-txxr- Screen txround WiQh tne 

,?%.‘llQ~y VJil1 TX&c E;1 dOUij.t,Q S:lC?ndA 

In t;kis s~>lJJs~(?~ Jcl.;r?$rI +,;;/ill- jjiji:j ],@f$ & I_rJGi_!b.b~{+!i;\ CJo i,hQt 

the sentinel c&n hQ'$& un&r;r f3XQ ,t.'r,.c s"i/qy r3f $-he &&;i-g& & litt-je 

&itch eovere a ?d.%h EL mu9abIr? wudcn z3tcp OF SIQQX -gj,J% allscv him to 

Gsssl.lme an easy firing Jym3itior fur cwe:Ting t&o eEtrance and the 

first steps a 

A kittle FaQm for pe:s. iscsp9c2 obsoF~atkons @O,uld to placea 

OE thii3 Zandmg.. 

a grsnagc dQOT csuld lx fastened so as to %~rsing 307rn 2 

tcl 3 yards IczYm the Cn-~rStJ*L?CC; e-l@ grenades that might hB -i;hroym 

agafxxst these 1;;~ ihe EL~~J-J.~:~~~xI ~,FJ :.7~Q~~~ti thus be stoppad, FgJJifi. gouj,.& 

This .$Jyang:cn;cnt t:$ ;.i $uyniJ-q$ g aucrg oP%ero the advantsgo 
Of dfmi~~Sshing cOnSldOr&bly the cfP9:ots of a prsjectile 

exg?loding at the 6atrance~ 

Xt has the incoavenionce, lxmwer, of making the cm-blot 

rather diQPScu~t, syP,d St is sometimes preferable, beaause of %hSs, 

to place the bend ab the bottom of %be str;tists, on 8 fevel -TA&&~ the 

main ptxrt rsf -the dug out* The proteetss~x fc.3‘2 t-h3 outle% 

is 3.2-J -e&3 l?l&nneu; ?xYiter aasuod, but the defense of the ~zter 



Le.-t us assu.me that; a projecflle explodes om3r a dsscandlng 

gallery at. gJV@Vr POiyIt & : - (FiQ.lj 

4-l-, . . v i&e fYJrc-.hs that affect La3 gallery may bo nqma3%nted by Zfnes -that 

frrliw3 the raCif of rupture pruduced by the explosion sf t'r,e charge, 

that affect the eelZing of tllf-3 gallery Frsm I3 co CL 

These effscts may be considered ELB longitudi~ axI per- 

pendicular to the pllery.. --1--- The bessure on the earth causes al.oo 

nxnjltant forces on tk.e coKling, whbh mm, lfks the pracedl~g one8 0 
be di~iih3d irdo effects psxy2;f~~.~?t3 and parallel to the 6mLlery. - “bu_r --.-.-.--ti+ 

turning over a? -t&3 5iYm3s, emi the perpendicular effects tend to 

cause tho nqAure of t;F,e cap SiU8 and to-p 

L.-. -- ,<.xL 



sheeting-planks QP the frames by curvz%.~;~; them in, and by conq~rcs- 

sinn of the pieces ttnormalrT to the gallery. The turning over of 

the fmmes wfll be waid@d by a Isngitudinal braaing apprapria-te 

to the Bind of gdhry uscde The ruptum of the. cap silLi and 

sheeting will be avoi&d bg reinforcing the ceiling. (Choice sf 

frames * use of a .groator number, especially fxward the ontrancc)~ 

If the projectile exploaes to 0~3~ side of am 

gallery, -khero will be pressures %hst ~&.lf, Y&we 8 tendencp %a Gefs~~x 

the fra:nos afl.d even to break the start&ions. Precautions Stan ke taksn 

. against these pre a;sxres by LtYa.nforcin *’ k transversally the fxmnes and 

reinforcing the sides of the gallerljr (using a Ilarger number of 

T&I galleries alee at present timbered with ordinary 

frames, or with cases set, either vertically or perpendicularly to 

the slopel We will examine the reslat%n~~; ;ml.fties that these diffe- 

xsnt classes of linings offer* 

4 - GALmY l?mx iImmARr Jiax?~cAz BmS. 

. 

K&t us consider a frame AB; (fig, i) under the zmtiori of 

longitudinal affects, it will -tend to turn over c. G .w, the earth 53 

reacti.on b?. A opposing Pts ttmling OTE?F C.W. 

Ts prevent this mavement wo KTKIJ nead :- 

9, s f; * - A hsrizsntal prop t3-hcld PIrst at the cap sill and 

uprfgh% at &&&* seeundly on the preceding upright at a. 



2nde - A ~+xxI~~ hm%wntai prop c hefid first on the ground 

sf%l. and the uyrQWi ct 33 c+axndIy OII the following upri&% a-ii b. 
U 

ft f@ W~WNKC~ 3x1 add thtit the strain on the lower f 

Sill 1’3 ‘wry smal!* br3ww~ of i ii3 ftt tf.ng f;z&o the floor 
3’ the gal.2ery, 81: c; : i,. i’oq y’ 11 :: c? 0 II’-? p j e -b‘. l‘i ,1 c> ..:: I L * bC i2lQ t in normal If terra‘xri~’ 
the fraXe' 3 teliGt21-kLd? j-c $0 t\lri? uqt;rarfJs By -gstptfip on 

i 4 u 
3111. 

the ground 

?hle iQ&.Sr pX.‘QyS (e) mill succes.3ive~y tr.Qtn8Zf% their 

ef’fwt -to turn o-w-er to till8 fyq=jt fyza::je * 1 
wsx contented WI!.-& -ck~sc ar~ps . . Y to make 

Qm ~~famc e of the gtil..~er~~, j.nt~nd.+d -2; 0 

an? i-t woul.d be beat, if WWQ 

ELK1 outer frame c D E F at 

bring tAe final effort to / 



1, c ,‘:t _ 1. * .., “. r/ ‘I 12 ii i;4J.e t>nyfp~ &I.@ i.,q . . C:'Q-i. 2 c";ty rg,~yg:!:.c;zt; I basidcm impeding mej.lre-- 

.i;lEn-GLJ / 1.3 I YYQ~ ?wdrterabTts ~3rd 7Jxm 2;hst point of vIc3w alone 3-t fs 

gJqj()&&J;~r: to allow the dwelopment of ‘%ra~i~~g~~ to SOS~ here 

It IUUEI~ thcrelwe be complete& ‘by prcqs R R etce, 
1 2 -- 

pxrctkcaX3J~ perpsaaicu~a~ to the BX~ES of?’ the gallery, that wiTI 

aaavg er;lch q3m2. Ii0 be aelf suppurti.ng.. sxld t2mt will contribute 

with the: props e tj/i.:!d Q t to :?nynj j-n :;‘j++e galloy;y a pig+. 

3: Jf -pc+ c.1 y*;, ._ 1 ;*I ‘; ,;‘ 1 - ‘* .?‘I c :_I~%‘i_TJy’;. j-J ‘&fq& i, I t&.? upper horbzon- 

-‘, ‘II “b [? ;i.& p:” 0 2;; ‘3 Ki2.f be i’ixfLx? cc? :: 1 2 t;z sEanehions z&t a carta1n dietznce 

rr $-jZJ -bj-g) cap sPU, md cwld bend %;hem, ( fi$. 3) 
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Z;herefsre be necessary* This will be assured by propping a%l the 

frames between each cm&r YKidh pieces 0 c’ t placed in 42x3 angles 

SP -the @l.lery, and attxwhsd to the sills and ~prighb ~c?t@~fd.~dy. 

The bracing wi.21. not ba complete. unX~as & frame is esta,- 

blished at the entrance, intended to blcTng to the earth the fkw3i 
’ ., 

efPort sf turning over C. C-W, ax& when the work fa finished, an 

abUt mnt can be wcrGAxd aL the bottom pwrt nlovlg Qy’f* I 
SfY fo2.-l@ljQ~q d L the CX.i~C~~~IC.? Of the filCL3 t Cil$;f: t thf2 bracing 

muld bc co!;l$.ci;zd bz *t;hs irse of synetrical props 31 q etc * * * o - 

but in this nnnner we csm11,ot eozplctely abolish the 

nents” that will always --, t3c-t on the iram dwfng the const33xW3n 

of the gallery through the affects of an explosion, OT WOA the 

si.q-de pressure of the earths+ 

Bsaidos this, MT’ this m&hod of tihberinghas sol;io imperfac- 

tions, it IEm sever&l advqntagcs;- ft dfm~nishes t&e EulKnlnt of wosa 

needed and 2.8 rathcs easy to bul.ld in a very good milt 

The working dimens%ons of *these w&t888 ~8 the same as 

those OS the owmon gallery, that is I,85 or 1,90 meters high. 

They are usudfy built with 22/ 8 p:,1o,nks ground s%Us and. stanchions) 

ana 23/E plmks 1 cap-s%“als) a f,o,aparcd lm,h tile fnmiea of 8 comEion 

gallery c F that height, th.s TcsiS%aiICe of st.mchisn s made of 8/f planks 

euQula be vreakc~; the resistance of the cap-sflls will be praotically 

the setmo, but QC the V&OX@ 9 the mxd.stanee per meter sf length a 

is gIvY!btel- in the case of galleries bull% of cmf3es3. 

By a process similar to that of the frames in vertical. 

wood’vpox88) the @dlery will be braced by planks 4was thick, 



prac tieally Ttnor~I.T~ f. the gallery; and fEutenu!d ILt 6x3 rc-3iZt1ant 

angles of the woudpror&: at the floor etnd ceiling c& the g~llery~ 

(See plnfo 2* ) 

The galhrg witii ca3e3 ha3 the fellOwing disabantages; 

great arnourzk of timber difffculty to t~ssum ,8 proper fill+~ in 

of the %ides and the scil.ing, and oonsquently: - wsodvvorks b -r 
f~bd. to the earth- Mcv~~*thelaas, bscsuss of its easy cOns%ruct,ior * , 

it can be recommcndc& far Infantry trooye u.~~~ed :;o ~~~ti~ov'k~ 22~~ ln 

@od terrain o,nLy~ 

d/-d Gallery wzth cases yerpundieulax to ti?,c MlO-pcL -- 
Used on mm~ p~~rts of the frmt, this 2lbYthO~~ f 3 not r’ec OJ?j,.~ 

msaded becaus0 of the dxf.Picult~, if not the IKqosSibilitg- of rts --G= 
bracing and its insufficbnt filling up of the o~~.~.apacx~a around. --w 

it* 

This :forms a loos construction, 

t;ritho,& aq GLjxx~nco %o tEiu $li;yh~()U~iI;*j.Yi$J car't;h . 

1st d, Cuaea . . c:I’p?:i;~icul:>~ “i,!] tfie gl(j-$Je ;liii.,r t hi:! c’a:J t a..s i &I::: _ 
--..- 

oiently bolr,rld to the? Eea3A-l -- L-, ctin “00 rsccmondcd f%r :E&utq f;T’r”oF”‘~ - --SW.- - -.a.m.-&v_ 
by whoxn -they C~LIZ 1:~: FSZ> I. 

3rd q OrbSnay:;- -fl ii ‘22 ;I: ‘E‘Gu”tJe ]ldic-dlar 

--,-,,-* A 
:L.r) the slcpe Cli2L.S t only 

a, 

be zxsed fO~~-avy slcs3es, in -very good terrain --.-,.-..~,~L?Ld.-., -- 
und what we seek ~0,~ G ?@+&I aizd --I -d. econsmical exacutlon of tile workr: 

4th 9 The p’i;“? fe,~WX? ra sty qlt;h the’ -yeyt&-al 1;f~~~~p~~~~o~ k -- - C 
Prsne 8 A th+t well reln-f;‘orce$ form 823 excellent -11111 -- WQOd-work, per- 



2’MWSrnSX BMOlWG* 
- 

3 
y 6) i. 4 

‘&-J j-pv(3g.t Lthe dAformatian of. frames 

in a tranweme 'direction, tha jum- 

‘tiom of thc3 cq isill sand stanchrlons can 

50 braced by ml ~bxil af stsr-ap w-m, of 

50 mm/8 mm, fas:t~~.~i?cff v&m W6od-sCX@-wL 

Thkzs j ain-t a-d,.ll h? atAl1 stronpr if a 

9J.ot is cut i.2 Q2a fxarn3ts into lvhioh the 

IroM p~atss ctm fit, (Ses fig,, 6) 

But -tam abw~ pmxess SE ugua~q~ 

a.ffficuJ~t to rcz;Ji~x? in the first linee. 

forcement cau.%d IX ewplrsyed, consisting 

Qf Pol;blh bx%@es ETGiIf -am asn~xd-ing the rigidness 

c~f the nngles of fhe H.lJs tx~d abmohisra~ 
UP 

timd of’ horizsnta& prop Qfr Ptxed under -.. 
%;ho cap-sill* This piew will also 

increase t&e reshrhmae of 

face ff a h ip ( see fig* 7) 

c OMCRL': TE ,imuai3 P 

,i;‘cte MzmXkkms, which will not $n thfa om- 

:j.i t:i,O;Y1$ 89 rai &t 8 -t;h~;-p+j1’ se -I, happen, bmsk 

&lOr,$ the prelongatii;n of the vsrtica1 

frames + 



The ~Vl?~~hniaal Section of the %n&nWWs” has built fxamsa 

fsr nGrand G@.llwA.dr and q8Conxnon &3alerieSv, arid also yroV&l’l frBmQ8, 

the different parts of which CWI be put together with bolts. (See pk~tes 

6 and 7). 

Brom experience at the i&Iet%e polggon, ft haa been found 

that the wooden frames are stronger than those of reinforcea oonosetee 

(About doable the resistance : $ “grand gallsry’* frame of reinforced 

concrete broke alder a uniforuily distributed weight of 18 tons)* The 

pressure of the gmund caused. by U-z awtion of hsewy frosts 2x1 

January-February 1917, cmxmd, En galZerios built with relnforoed 

conarefe frame, a bending of the atanc”hions almat to the point of 

a rupture, causlingacrumbling of the conorete ad a ~ZQKWXEJ of the 

steel in many places; the wooden fmrnei~~ under the wme conditiona, 

suffered only an insignificant bending nst reaching a point 

of permanent deformatfon* 

3he reinforced ooncrete frames are 8l.m dfffimxlt to tram- 

Port and require great oare, a8 the stes2, can be exposed at the 

sl-%ghtest shock. iMoreover, the construction of inclixred g&Xleries 

is made di.fficuJt by the triangular -form of the cap-silL 

Lastly, WQB~-works’, based cm tt;he 22%3tion 

between wood and concrete does not DOB~ to havu gPmn satisfnctorg 

Ts reauno, the uac of these ~~9m0f3 808m3 t0 ‘b0 mwtf3a to 

oxca-vqted sluKHxws spcn a% the top, u+nder condi3ions that the W’ 

frama is kept tight during construction, and of rsducing to & mkni- 

muri the msvsments and su~ce84sivc ha~uj.ngs nscesaary ts bring the 

m&txnq&l@ ts the place 4% use 



3WT OUTLETS* ’ 

moxlg all ou";fcts, the ahsft 2s the one that needa the 

ILeast work, bat %f it is less exposed than em incline, it ia 

lm:ox~~1&tBly easier -Lo put 0-u-t of serriee* YOTBOVBF, it limPts the -a, 
%rafPtc and must be abao1utel.g tw?c?fded ES an sntle% IVC --- 

of the use of the shaft is 

mecas8ary, fOr i?XETl~l~ tC? iD.GL!Tf2aSt3 tht-2 ~Wil?S~ Qf Ekttt3Cking StEUJdS 

%a ~mportan% &ug 9u%s, to pororaie; oni! ta enter, or for lighting the 

comnanding posts or to pr9Tfde entrances $3 ~T&cIiinc-g~ elDplaeement 9 

for bombing and, for observation pcmx3, CdxLe.. 

l-n -the last @8$x3, 'Ihe shafts WflZ I30 sf a small depth, 

and pax?d to the dug-out by an fncline& gallerge 

To pssv2ds Fm %hsse 3haPts for a reiatirely easy passsaga 

m3y CQUI~ bc3 fitted -ah OBQ 0f the a2223nge~e22.t~ ~f2mk33+3a bfm3~.. 

ZJ- Shafte, l,OaE X X,04; (or 1,28 X 0,80 w%th steps 0x1 

the STML~ d.ae) I The mei climb by spreading the legs and placing 

the fe;c% alternstively 6x1 each step, assZsting themselves &Lh thf3j.r 

hanas ff mm38sBr~* This arrasgoment is to be wed particularly 

for the outlets leading to bombing-posts as t&s mappPying of 

gremzadeE is eaally done through the General pm% of the shaft, 

eitXrer by an improvised elevator or by a chain of men (See plats 8) 

. . 



C.6 ,G 1’1 -.., 
iri i,v 

2/- Shaft of l,Q4 x lu 04 or 1,50 x 3,oo wf%h fstaffs 

parallel to %he lP%tle 9id98, cm windfng lStaffCase* Pbhese fKman- 

gemen%a tskae mm3 tima to construct than ths firet, but *he asoent 

is sasler; 2% is especially convenien% for out%ets for machine-gun ‘; 

emp%W2ements~ 

BmcxHG B SWT’, 

La-t us suppose a praQect2le sxpXod%ng a% %P; the forces 

that affect the 1~332 may 73~ represented by forces that fohbo~ t&3 

radii a9 a sghsrre of cmqm?ssisn Producea by the sxpfaafon sf the I 
i 

charge 9 and -t&a% affect %he siaes of the ahaft from q’fp to w13. 
- 

These forces T-ray be csnsfaered 88 forces pgps$lel and norcca: to %he 
PU 

axis of the shaft* 



b i .i 

1.1 
7 f 41. 

TIE! firs% f3i*Ges -;;e-no ‘I-c*: 2. .:!Y% up %ho Ii?ixmes or t 0 lower 

%kemk; %hey VT%%% ba cqqmxd by p%ac;fn~ vsrtical Logs between the 

-framea at %ha angles SP -the shaP@s 

These logs w”sll Qrsnam%-k SzcGessiuely %hs liflfng efforts 

to the top frame, a;‘h&B-, pyIi.rz ham3 ,txJ be saG.ii.red xf%h a pruper length 

(at leas% a mh3r) QP bur3,ed braci.‘@g=:. s: ASP jQ&%.~ 18) ,, 
The bractng en tJh@ Tsr~“i~!~%j,.,:~ direct-ion wsa%, be cIxmp1etea 

bzr making &ngle-irons e c c @ ~~.&-f~ &q.J @ 33’uY8 
I 2 3 4 

the rig%2neae3 of 

%he fT?rama Q, 

The forces that are iT%xm23~. to the shcf?b wl.l,a, %x-id to break 

the %ining by =kenaing, or by com~preas$on af the dfffersnt pfwxm of 

-ia@ frames* This WE11 be oppcJs’:2B. 333’ ~l3ing ~~m-h3~~23 f352d3e~, 83a 
by placfn$ then: neRrer -together for the ffr-st few meters uf t&3 shaft * 

In addithm to thfs, %o prevent the wztiaal props 9mm 

s%idfng tswarda the center of the %haft, they will be S8ClUXd bp 

eXea%s nailed to the, framesu (3~ PSats l.l)r 



TWO cat383 are %Q bt3 00n3ia-erd. :-- 

ls%*caso*- The im%cYafals I-m%% bc: czzmrisd by hc4?nci for a 

long diwtmcc, (case af a fighting sea3tor, fur inetanoe ) p or the 

txxrmand requires the oonstructfon of Lha b.tg4n.d 9.n d W3ry Shorti 

timse fu this case the dug-mt trill, by csflqo@cd of -kvo 3mg~paral- 

Eel, galleries + This arrsngemenl has the -fctXLa~~l~rg a-&vantages ; - 

iy ; each ps3ce 

of mooa c;all be crararied, by 8 sin@3 mm,, and. thrQ?~gh dh c? c smmu?zi CL '- 

t1un trenchega. 

P/ Rapir% w Because the section is half cm Zarge 

as 3x23,: of B “$rand pllsr;Jf’ a.nd 

as G3dglfea tion cd? z;h<T firs;% gic&* 

Ikxry cc!cn bs rapidl,y LU.30 balca.u.se 

of la.3 psssfbillty Kf qm5ki.E~~ In 

SQP@X%l ~3l.CLtif2S Eit 5~ i;iiflO ( :jJJ J,@j .-- 

dBum groun.8 ) v (Fi& 9 ) ‘- 

a@/ A%1 ms-@~em@nt inside the bug-out and consequently at 

Ofi@ of the galleries, Ssavicg +2x? oi;hI”- fret fcm mwing . (Plate I 



jy3?mx20rf, by pr:‘29ps a% Lha lswsr and upper p9rts, ,9o2ned at the WeA%Y”i m 

same td,zle tc- i&Y @iq3-.8jlX$ 2x2 ii s-&nohf Qn2g 3 and tcr the ground s$l%a 

an& al-xmchbmse 

2nda cw -JN$gJm ypg$ t-- f-Jj*;~$Jg 2 x(Ji; -JJJJ T”i p;>:;; &J-j ,3‘p j--j 1; $G T <?A 
&&! & ,;j CD IOjJS 

IUJW -~l-r.n^-I-~-~~-ll~-)u.‘.r*Y-~ur.r-W.~~*mr-.o-l--~-Is-9MCDCilR~- 

by f~~2.r 8glagl;1~4% braves E+~ 8, d 0i3 the da@3 ~t3~~63~d~~~~~~~~~ 4:~ t;hs 
* .A. 3,. 

axis cd the dx@-mfLl 

&Q.,(58~B,- The mEL%~2rial can be B ww0I-NIcI(wyIuILII. a&.lz broagh% $0 -the sit8 “,,,, 

0% ?&y&i-; fn tJ-l&j cz.ag(? t2.O $!:j~~,@~~ing d*Tffersn& types that. yf3 iL%“B 

gofng to axami2c? r8pf?Q!.> 6:2,,':1 Ba $u$$$; 

-&Ljt/ +$(+gJy (jr y;j-Tj -gBP t-7 .i-, OUT p$m]‘? (kjjf O&E (yJ %--.er_____P- 

4., 33 nc-‘icars wr’;&3* 

A. 8 the G amp be iis? L’ drr,spsse a. ~Qmg~Cudin~%lg, OcGupy a width ” 

of 0;) 65 dCtOr3, suppsrts inclad@&, a wiath of O&8 2s left :fo:c 

passage Psr a dxg-out of smf%. czxqxxity* Xn Kha fxi$Q of 8 squadY5 

aug-cut, fhe csutlets are 15 meters fr3rn tixgr1s e9 axis (ses g&,&Q3 I$* ) 

A dug-$ut for half a phhhm 6Em bs ix#d.s ei%har by fwu parGale 

g&lIBrIas sepe%rweed bg 2 mst@rs of plafn aarth (5oa B1a-h a!$] or by 

%hs juxt8pos~tion of %%KP8quadyy aug--outs; this wfll alhv us to 

have %h2:se galleries, the central one comfng out fn the r#Qr,*, and 

the o%her twa "6owards the Ifnese $see plate 15), 

and/ BODY 03: A DUG-OUT 

13 thfdl case %hzs bsda can be plmed efther parallel to 

the ImQi of the iiug-out witl.i 8 aentral passage of Q,?U meters or 

perpenhi@ la u r therefo, with 8 lateral gmsx~ge of 0,60 rndxm~ (Xa 

either ~888, the u;pright@ that hoU3 the beds help ta sup- 

port the oap-silis of the g~8na-g63n8rye ‘( Sae pla-tes If. 8YhU 2,) 



3ra/ 

DI~BiSZUII:f UP A f.XijWLGA&URH OR 4X? A G-ALmRy @i’ l2aa 

iE’.Ef3JIIG UIi A CENT~L PASSA@ 05’ !IX.E GASMRY OR - 

+a? A 1,33 lilw.rERS fIJduxsR’Yo (see plates 36 to 19 16 

These dug-outs offer many dmnfsgea ;;- 

I/ RnpidHy of bumlfng when the central pasmge . 

is made, all the d~ht38 nitby bt3 ~Odtsa 013. at Ont3ed 

2/ ~$rculstfon and outlet mat3 eaag by %he c?entra% pasaag;s4 

3/ Better living mmditiome~ -7 

4/ ~r0g1~3~i~f3 dug-&b, p~~~i'bb 09 befrtg p3r-t;itmy OCCU- 

pied before entirely completeda 

4fhla Dug-out for a platom, PM built in the 2nd Asmy by 

the IdAL Battalions d 

mm3 dug-Out OUZI~~~EI 0f TWO ~0~gftuaEn~~~ pt3~3xkl 

galleries placed at affft3r9ne levelslp The lower gallery is a cornon 

gallery @ring mxm38 to niches of grand g8llery 05: 5YLP 33 meter 

The upper gallery is X933 metered wide, aucb cm-i be fitted 

wnith Bauble decked eaPnp-beas pZaoe& longituai2dly. (zm3 ghdie Jg)* 



MACMZNE - GUR EMPa;ACEI’fI!%TS 

The kxkn.~tf~rls of Eowmzibsr ZbtB, 2915, cm tactfea2 use 

uf naaahbne-guns, recmmneuds an empl8certlen-t: fn the 5pen, aonpos0d of 

an t3xcavatfoul 8imulaL~ng 23 shell-hole, that is 32t34m3a by a s’naf~ 

or a gallery connected m~dsr gromd wi%h a dwpout, W?EW~ the 19tz~hL 

ne-gun is &apt and the mm 1Pve7 

The open5ng of fbejl shaft QF g&nery must be prcvided wtti&h 

Ff. proper 0 on@eslment~ The J-lEmhdne-gun is set fn fiFin$ poaltion at 

the last m$nute, without protection, ‘OF with 8R CmaiRary p&r&pet 

shield- (see plate 20)-a 

The same Znstruotiorm pmscmfbes pDxring ths mohfne guna 

st the en& of the gailerg starlfng Prom ally ctover whdsvsr amI 

spacing on i3 steep slopes, by & ;F0eha aide 03 a ra'il-road lsnk, etce. 

IThen the mmhino @m is kept in this mmrmr a*t the end of 

a gallery, it will b@ found necerssary to build a mwk-wtsll to protect 

the p%ssom%l t322a lll&teriFaao ,This will be aommpliaha& by endlxq the 

g811ery wfth 3 or 4 sectSons of %ran63, -8alh3qP irs. whPch concrete 

will be pourad o lsavU@ in the zniddIke the nwessary room fsr 

plaaing -the rawchine-@;tuz- (See plate 20) Besi&m thik the loop-holes 

and ouUets must be concealeL 

Similar arrangements mm be used for aufmatf~ rffle-men, 

Bombing px3t~~ for infantry for Vd3. r s*’ (Tfven Bessfhres 

B,ifle grenades 1 and for ses,tinels4. Tha grouping by subterrsnsan 

comunioations of thoss defensive argan~, perrnWi~ ths organiastion 

of w2nters 0f r0sfst~~c8, having 8 cOnaiher%ble defensive capacity9 
I 



aintge they permff;, by the raQ;iom$ XISB UP all tfm spsaEsEities 09 

WhiOh Infantry is ROV? carYlposnd, 8 great df3asity of fkrs; m5Ire- 

ver they an3 t!iffiau.lt to 100df28 anil guard a13 their value em3.n 

after ia violent bopl’tjardmant, Pl,a%es 21 and 22 give B mp%es of 

aim%lar ‘%mpporting points” supposedly estab3dhe~ be%weenz t;hs 

ObS%XTVdiOn trench and the he of resistance o and at sash a disc- 

tmse from esoh that im artillery preparation m3de on cm3 af them, 

OF on both, wou.ld probably mjaot dea%ray ths psaP*ions* 

The buLLding taf this subfssssnsan “supportf~g point” wjllljb 

neaossitata very “,mportamt tvork; if? l3.Q m?@c?Ed posELian, t’tais wurk 

Till be fa.cilitztoG most of tha 'ti.m by tbo possi.blait;~ of biking 

'L4merou63 sufaoo attacks and. xs9s?g fri3xkheanical digging-mclrine 9 

(compressoF-plants, oloatri@ drX&1Bs, ate Q Q ] In e&a first yositian 

ft wBl1 gmerslly be mom del;kests, ~fhx.q$h the ~~~~~-9~a ~2 nu.rm~‘ou~~ 

comaaicatia trenches bets~veen the o3nexx-atien and rGs$stb;xnQe tren-* 

ches TKU wntributs to fcwf’l%tato $b aon~truc%Xsn 02 ths under- 

grou.n8 system, after tha c,xmqLL~tloz-1 of wkiioh ~~bttl~t~~ ~%ll be eata- 

. b,%lahed &Uo~fkng the defenaeks ts Liiwm-n %hclr fightirtp;-pwbs vsiS;haut 

af3b+ 4 I 



2tm deep dug- outs intenaed far the c0mnairtg offi,car and. 

staff wru differ from the other$ only 3.x-i tEaa interfor arrangement 

&3-t% r3a tkis subjocf~: 
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VCXQT often & 60mand 3~~ifX mguiro 8 Post reduced to ~ICLO 

striotly necessary number of room8, GO as to get into it quf.ckly, 

and 3.12 order ts economize 3a’bor and mates%a,lc da a post of 6owBad 
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T,, jl; .C{ f 

is aJ.Nays suscepfiblc, &uring tan u -- i ila ;'@~~$p,*c a&&:,.1; 1 ijIf 'b @ :; y 0 \.; ‘L'jS 3 <;;- -;I y 

2. f "3 tihLy3 J&m3 a larger number of o1ficex-s 1.b is ~19CC3ilS&ry (((9 Kd3~t. 

so that after the building of the dcsfre& ~OQUM it LS POSS~~I~> ‘LO 

onlargo fit 8 

p)la)ta 23 @VQS & pIan f0ra ~.P.oEb division; a 4.-mrtain -Aurn- 
I I 

her of C.P. B s 0-f Q simj.l&r type were @~~St22Ot~d alWing %hC? 9OUBX3 

offensive in Ii%&; It is built a&i,nut a S~OpO fae:fW a--Y frQu~ 
5-o the 

anna my I an& Q-j ~~l:~jg(r;~~(1 (-jp I). ~e~‘t;n,Ql R”B.U.Tlfoer of qg%nd. gam?ryT’ Yrsorw a 

Eighted by t’nc? &3y25&1t; t’hrozgir Loo~p~~c~lus, tEUld provided ig5 &h EL it OOir;l- 

’ 
--;” 

-c;-- 
~I-lClll galbo: y ‘l circu2~ting p<z~$Qge *a 

1-J C&SI;: of ;z bo$~.gp$:$J~ t cj:: :;j c-h..w 

caM.bcr shc1Lq ti-.z; aif-fcpjn.f; g~jy~c~~ cm bs mmdfat~~..y “i;xa~s%os- 

red to the &qpouts,that are ~cw.&nd by n W3rtiss Cd inCfint?8 

E3tZ3rtiXl~ .f2?OtIi thC3 JlELZ3t3&Lgt3 d 
. 

Ynese stat j.onn y&n be Tory much u2m %hs pIxm3iling atruQ- 

tl.2re s i - but they are cmnposo~ of n amLler mmbor of rosm~, hsvlng 

genoralJy 

1 mxm fur the dOCtOr!‘i 

1 room for the personnel, 

1 IY-WXX~Y for mcA~cine, 

1 IrUQrn for bandages, 

2 room to ho3A the wundcd usntd’l, they arca removed 

qyhe pot3t mast aLuc, havv tin wrtzn,gcmcnt for rn,-:.L &?%y and 



para * ‘7 -’ (-Ji]$~i’~JpyI(S$J ‘F’(j syv& 
8. P----l 

-i i ,C’ + - 1, 

;:-f-- ,‘k $+A”.% 

;Srd 

the $OS"b, 

y:,i L: ;.:z ;.:j 33 & n;tn,, 1; :I j--Qri. ‘i. 1; * I;g f(J1,lt;‘Js c *see glatc 25) 

; g I: .- - ;, 1% ti,;~j..i. -C’ a!*,.,.;:: !; i.:-&;i :.zn l;;jsri.;nd j.iice a shell- &j&, 
-P--J 

.:T& 2 1 rr: -1, xc .J. bh $<J ;;,j, f..? fi ;;:;*,cjJ 7” ,$- j .t J-L -1J.j!:: i: C! y td r’ (3 ii -I c-g, -.,-.-,-- - "-9 but WJ&~~ 

&-Jy& $3 2;15 $0 &iIO\x:r x<jg;,, -I-*^.- for me ubasr\rer'S hoaci oni& 

&J-- +? <Yj, 1.3 Boul e *' shzzft with opening mvered by an armored 
_I-- 

JL;lXi'l'ti fd or 8 metal ew_I1-- of one of the typeu rleseri- 

bed further on, 

BO33lb-yXUOf r"003l With a peXiE300E0 

yhe choice of the arrar~gemnt 1717iII ricgend of l&t; obg!c:-L 32 

(Sentinel, rzrti13er~ observation, ate,,) 

o~vA!I!Io,~~o $cP’s 0 H:mu. 

Besides the tyyes descrri.bed in the ~ns$ruction~ on fi&& 

VKmiS (arn;,or.ed shelters fur sentinels,' observation mYtTybGXBB) 

there we threw typs of aeta observatories that can be divi&ii fn 

~arl;B the iIlciiVid?XAl Wei.&t3 Of Yfiij.Ch ti0 IlQt exceed 70 =a; 50 that 

their tramgort to the front linea io $onsible, 

yhey have tiu-ee observation loop-holes, (pb5t62 2sj 

.uhey are places at the top of a shaft arranged at the end 

of a gallery, 

lst, Type S2tL'-Gd (Technical Section of En&neers) 

It ia a fkstrwn of a cone in hard. cast steel, 01030 

n;eters thickness, divided into 6 ring8 and a cap, fitting one into 

the other, They are held together br four stays pas&w throw-h the 



cap and bolting to the bottom ring, Q$e t,otal v;reight -Ia 4'75 K&p. . 

Znd, me N$Yb=Jmieaf% l 

It is a frusfr-um of a cone divided into 5 riqs of sentrt- 

hard laminated steel, &of25 meters thick, and 8 cap, a3J fitting 

together, The parts are held together by three stays, between the 

cap and the bottom ring; Total. weight j: 380 K&S= 

zrd, ip;ype "St-Chamond", 

I& ifj 8 fm;Latnm cf a pyrauid of q..eoial sheet iron plates 

15 m/m thick, divided into 4 sides and 3 top-piece, The ~hols is 

held together bg four corner-pieces Pa$tened to the sides and the 

roof by bolta of speoial steel: &en takirlg it dowrz for tr2ms~orta- 

titxl it is best to leave each of the corner-pietees bolted to a 3ide’,l 

yotal might 260 IC&xG. 

yhe thrae types of shc31tas have been built tx msiat 

-,erforati.n,ulleta with steel co2es fired ;=it a ddstanoe of 30 ---I_- 

meters, and even the 3'7 a/m projectxilea, exce?t the l&at 

( Saint-chaslond) cs 

Qhenever possible a ring of ooncrete shoulG be Yormecb. 

arounu -the olmervatory. 



The sheltem for searchlight8 vary with the type uf ;";";";";";";";";";"?a- 

rstus used, 0 

For YEi -$osts”.T with-oxyacetylene light, a nearby dug-out 

d.11 be Used to shelter the personnel, with an open ail- t;m- 

pla~~ra@nt for the past; Par v49QF' photo--el@@trical poa$gf* and. larger, 

%hat have a searehligh% and a generator wqgn, the wagon ~111 be 

@E&Ged at the rear in a.defiladed place, or In a shall-proof dug- 

out. As to the apparatus itself, a place will 'us made for it like 

thUi3e fQr open-,air ~iEbChiKlC?~~“W,lS~ at the end of 8 ahaft ur a gallery, 

depending uppon the ground, 

An arrangement will be made to oonceal the sesschli@t 

between hours of duty, 



Para, 9 - PROc3EDlJR~ FQR BC'I~f3rl!fB ITpoDF;R~R~~~ lXK+-OUTSe 

pbe ~omtruction of undergromd fU-out8 re@re8 three 

distinct uprafions : - 

Isto Bxc ATA T 310 N 0 

zndo LIJ. spasm !lxm OF Elr_CAVATED *u@gg& 

3rd, pLACIX@ T23 IJXI$!& 

'these operat;iona Inus"; Se cQXldUCtf?d k3i~~Ulta~i?OUSl~ &S SOOn 

as the pqp?:~:r of tl~e mrk pemi.ts, BQ that Wit3 tinge necw3saxy to 

diapse of: the eartkj. will be prudA.cally the sme m t&t required 

to excavate it, 

Ia-tt;:, ;$t:XC#JArJQ (.Jw ; 

:~lhe rr:caarfs to 'be eaqdoyed necesssrily depend upon the rw- 

turf3 QP the earth ts be excavated; the tool8 that will. give the lx&i, 

T’t: BUlt S ;=Lj:ti the fQllQv\riJQ& : 

() r-~jJ&l:y grounh ) 
( pickaxes 

Glti;y > 

Chalk ( pneu.rr~atie ~QicBingr 'dla~~~~~~~ 

> (marteaLm-piqueurs) 

na-rd j%mxred limx3tone ( 

fiard ctcmpact rock ) Lizmu drill 6 3 
( pnwmaU.c- drilla, 
1 62 ectxic Lirills 0 

The &IJG,~ of the dett.iila of these iU.f~~rent a.-ppLYLbua i9 

par-t of the Instruction in r;llnSs Sfi& rtbcl-iinl;tx-~7; only %he ~j~~~ti~~~ 
*-. 

reigults ~~ncerni~ the cmgmx3sor ;+xts and the drilla 2x52 g1716~ 



AQ CQII1PRESSOR P3,kNT~o 

Il'hi;re are ~o~prttss~r plants of powers varying .from 7 ~~~~ 

to 95 iLp* (Fxwx.li florsepowor), 

$hGBe USUS11,y ei~'lOy&i on the 

xc) aJJ?o and 39 ILyo 

2hOse Of 39 k&PO can compress 

front me those of 18 Empot 

GQQQ liters of air at att;ul,os- 

pherical pressure earth minute to "7 kilogras, it CoJrsists of 

a) A p;asoline motor of 39 &pm 

b) A mn~presmor 

c) Amvoir of about 500 Liters capactj..-&~ .---c 
in which the air is coqmsmecL 

d) A little 1.5 KW dynamQ for ventilating -the dug-out and 
its vicinity (on the last coxqmesaora that have been gut out), 

The whole outfit is loaded on a truck ; the total weight 
is about 1500 Q;s;, 

In a nem series or apy)aratus the plant has been divided 

in twu parts, asseailbled OXA separate oarriagea, avid easy to gut to- 

gether cm 

tue easy, 

the work, This arrmge~e~t u~ah~ the Il;ioving of the appara- 

Each ozP the carriages weighs about 1500 Kgs. 

The giping consists of steel tubes (of uniforrr, length =5 

meters; there a~?@ two different interior dfaueters :- 54 4~ and 

36 n;/m) and rubber p%Des (length, 10 and 2~ meters; three interior 
f-khimetera : 40 ui/m, 25 m/m and 15 u/~)~ 

The steel tubes xust be used in the fixed partrj of the 

jnata~lation, and in any ease in the immdiate neighborhood of the 

compessor reservoir, as the high temperatuse of the compressed air, 



;~nd the lubricatiIlgdli2 B*ilc~ d ii-LIc‘1 in -q~fJ-&~~ r&jgQJ d.e8troy a r-z-b:Cerc 

nj.ng out the eondermed Vvater, btd.i& T-pi~Je& e-be 3 allow nl;uneri';'i~~~ 

WXiYDi~atiO~S in ixad.kLLing 8 pi~iag :2ydXr:i:i 

so" Qr 5 urliu- The emq~~ss~r can agt'rat e : - 7 " i!i.Ck-ha~~u>~~~~? -__ve 

hammers J a-1; the rats of dd)Q ~j+$er~ for e;te:4; pick-han.ms and. xow to / 

12(>c for each drill-?wserX (from atmoayheriml $x-hL -f '"Cqjp;~~) d 

The hmmers will no& all be in use at the same tiw ~i221 

therefore t;h&r nn&er can be pr233tically brou&lt t;O 30 j+kti 01. 8 

The ainira'm pressure netiCt;d to operate si",l.~er -tool is $, 

The miximxi distance froz the wcdcin~ place to the %xxi- 

pressorw is 1800 neterso 

2ha loas of ~rresmre is 1 kil.op;raa per kilo 

ximately G 

The ina%~llstion of 8 0Cmyresaor ns~eEx$tdxs a c3rzcUL3ia 

shelterr’, or a siaple shed, the dimnsions of which mmt be, for the 

new mashines :- . 

c 

1% is necmsary to have g0oa vEZW.latiorl in the s,ul&ter, 

80 as to obtain a good ~001iw off 02 the aotor and cor;.preEsoro 

i-;cmt of the grotq = 50,000 #rt~o 

19x3 qxratjng c3rew oonsiata of : 

2 1&2el: non-comniasioned off'iciers, 



18 mfner so3dfera. 

3 or 4 mechanfca, 

&at; io, a total of 23 to 24 men, 

ttha use of this point rn11.1 be OP reaf, advantage,and its 

CUtpUt Wilf 6XXCeeQ thaTi obta%md by ordinary methods (pfcks, hand- 

perforators) only when the following mnditions axis% :- 

bd.7~ EvACUA!mm OF TN3 DZBRIS wIr.moxlT IaTE%RrJl?YaEG TEIT$ 

2ndo ~~~~uR~.~Q ~-?r'j<~li: ok* ~/~I$& justifying the use of costly 

and deLicate machinery wh2.ch tt;akea 30ae -bl",me ~;o set up 

3rd a ~YKLri~~ 3:XEL’c;TlJ. ()p :igJ-p- I’jyy ii S&f&X prJrq to pre-vent u__-uu *s:,-*ti 

*he Rosa of 'time due to the chang-l:-:~; of ti~gl~ee~entsz5 These chapxes a 
usually: take gxi3e a lol1(j' tin;63 t psx%icuJary whean iL is necessar$l- 

to ~lacs the compres~3or in a shell-proof ahelter, 

JyuJx, Am R~h>ZiCTlC;~V OF 
yilfiz L()ST, In the setting 2x2 of the naehinery, 

Stho CTEOXJP:‘ING OF SPCES OF TJJT& ao ELEI tfo avoid loca of 

power and to use easily %he 10 h~~~i;l: 

The reduction in leq-th of the -pIping atill also offer 

She adoantage of redncbg the chalices of a hit by ;3, pmjecti&j, and 

make their up-keep &3JqT, 

EL URIS. &~~~at;irg tith the use OS blasts neceaaitateg 

the use of t‘iriiiing tools such as 

&I~II~, DRILLS ax0 ORCr"mARY JTJ~jg?~E IIRI~j~SO 
.-T s&&$2 DRJLJ,S~ ( f.xaa3at and other apt ems) 1) 
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ELAmp% r; 0 Ily.J,IJ M+ 

The use of electric drills demands the installation of 3~n 

elewtric plant 1 unless electric current is already in use in the 

places where tho work ‘is to be dome 

yhe best, elect;ric drills fcr blasts require 1 ILL 

Bn electric ~+mt4 OP 6 Kw, IWquently USN on the front, can ape- 

rate sircultaneously D (=lw-lell,-t;.ine. bss of pomed l 

2* D~$pO$A& QP B&cnvlLT~u E*k~EiQ 

'~0 obtain ry.axim,u~ srqidity in excavation, it is nec3essary 

to irmure me rer;;oval al" eb.rth w;lrithout stc~pir~~ the ma-k of the 

diggers % 30 that the (7-G tmt 1 i b 3;; ri;nwmi is qus1 to the cpanti,ty throve 

up by the tools.> 

n/$ In -the C&E38 of ti_ig@r*g by izand) tae removal can be 

EacLe ‘by usiljg one of the grCCesSd8 C;ti=X cribed in -the following Lable, 

yhe sqposeL rGEo-va: id ma3 iu a &3Jit:ry lath 8 &y3 f310pep ending 

In a piece of worx Qmt is 8 metres deep, and v&t& a perf30finel pep- 

&3ting oontinuow.3 evacuation 

EPO thi B end 9 two men. have ‘been ~mmj ded (in -t;lje three 

-Jaat proc~sws ) a?; the upper’ and lcwr par-W of the galleq, to 

insure a continual loading and. unloadi~, the perso.nnel of the mind- 

lass alao workix?~A wi tkout 8 atop 3 (This method of removatl neces&ta- 

tea at aeast four mLl.1 tr%GlLa or 3ledgL 



IwibodiJ 

Relays with 
dlOV8XS 

Sleds and mine 
windlasses 

Trucks on 0~~ 
rce-ter rail8 
and nins ~~r~ti- 
lasses 

Carri. 8l.?S sus 
)ended on a rail 
md mine wind- 
lasBes (1) 

-- 

~%oeasary persorlne1 

8 c.iien 

6 WXl (2 at wYind.la~s 
8 mm (4 at windlass 

'6 mf3n (2 at windlass 
8 men (4 at windlass 

8 m:yl (4 at windlass 

VOhm F8mov ed 
per hour, 

1 ma 

0 ma 300 
0 m3 600 

0 m3 4uQ 
0 ma km0 

0) See plate 27,) 

x3./‘-- Y*he above jJracec8 xi.ll be S3uYtabl.e omly 1.32 the ease 

of ~echanica.2 dig&g,, yJi-t;k: a 2:Lok-hmaer, in medim ,grou.nd, the 

earth to be reu-~ved per piece 02 wusk rnx reach 4 msg~, a I"ig-~ra 

fchat may be surpaasecl in frfable ground p, The evacuation of these 

4; a3 00 mn then be aceompliahed by the wa of electric windla,sses 

that pull small t~cka on a Q,shO metes track, 

The Soci~G;o now furniahea electric windlasses of ~$4 BP 

(220 VOl%S, 8 -pares),, 

It is neoessary in sme of steep slopes, to motiify the 

-trucka, by adapting wooden -J~GXMB aarrying a agecial wooden. box, 

not only to prevent them frond turning over but also to dkmi'n-jsh 

tb3l.r wad weight * 

It has been attempted to insure a rer~oval of al1 the 



--38- 

0 1Jtpl;t.t 0 f ~IIJT maching~ used for dig@.%, by creating -I.,u JJ;~ 0, eleva- 
~l~ator; is a aort oP h beIt CICXLTBJUW that ia 

pj.xwci in &he gallerieao (See pla,te 28) p 

pm2 beIt is carx~ieci by a gpGallic frame, cornyost& oi’ a 

‘ij jajJli of lriy Q,GjO x Q qJ r3eetZOXi, 7 ” md 3 meters long, tcl y?a~r:h QaJl se 

added aI2 ;=xt;nsian l,fiQ lrwbers ior;g. 
. 

ybLe 'geaus 2iiG be joined togt;tiEr; lengt'r?E3 of &Ji& 1,3J;, 

1~~5~ and 1_3,5~ ax%@ 30 o'cki.ne~~ 

fJ$@ e&l~s$ be.i.?; i:: ~:mmd by ti ~&iive :.ixm @imw at the 

end ox” tJk.Le elwx.wxL 2-t j;tQcd @r;$ihr,c&? $j.W; ,-. 1 5 i-t; ii_s ,,i.hi CLt %l:t; oZ;Cw 

<;x& by Z;wQ drw kr c3 2 b GU8l-J 2r uj&&j(~j-, 2mi ia helti (;rL l.A.t? be2ma by 

rounded k7xks:. 

$he m@tA.w~ LL-U~-I i.2 ~w;:Q by a ;; Lo 3 Hp o motcw * $kicea 

in the Xowsr part ai_; t.‘nc; be&a” Between -t;he dxv.in and the motor is 

pla&d a series UP reduc-i~ shafts, 

!Phe motor seoelvea diseot swttjnt from an eleotric plant at 

%,I voitk-30 yhe glante used are of 12 Kw; 15 Wd 20 Kw according to -- 

the umber of elavatore a;~ be worked, @3oae of 15 Kw can sxmtrate 

JR elevators 

The speed @ven to the belt fs fwm o,44I to C,80m per 

sewma J sufi'icimt to rewove all the earth e:I;eava%ed, yet dw erl@-& 

So that the jars reoeivad during tfia ,vJork will not pevent the de- 

vatian of romd stones that mmt be rea~ved~ 

When the materiaZa to be reechoed 813 sand or gravel, the 

belt can be givec ESJI inclAxm,ti~~~ of ~o&JJ&$~ clag 45 $, and with 



!I%% gall%rY h3 bqg.m by the ordinary methods, and a8 soon 

as bm 8hG'vd rehys SLTB needed to clear the gallery, the elevator 

is put into place; it is gut further down aa the gallery advanoes, 

Fhia qqarataa haa the advantage sf evacuating the earth from the 

in&de, while the material aad xmrEionne~ ar8 &8lt%r8d, 

Their use is really advmtag8ouS snly v&en the pieoea of 

work are %mDortant and grouped tOg%th8r (for instance, to make dug- 

outx for reserve8, 

i"if.th ~JI el%Otrie plant of lb Kw, 16 elevators can be used 

along a front of ~000 metsra, (Sash gallery corresponding to a 

dug-out for a whole or a half pLatoon,dependi~ upon the type 

adopted,) 

These devices naxmsitate a special pers~mel, aud. me 

generally used only by tke &DO Bzttaliona, Their use peaents the 

follcming advantages ctnd disadvantages 2 

~dvczntages,- p3rsonnel anci 3gderial sheltered during the 

work; - large output, 

Disadvantages,- 1% ia ~II.QOEF~:~>~Z $0 uee the g;alferies 

GurincT the 0 TV0 rk p - In certain ground taking CA flat slope, it entailsr 

a greater m~oun$ of excavaticm and of wood for lining, aYzd mbse- 

quently .$ a greater length of vul~umd&3 gallery, 



CEJST&X II 

A$ &-e sL,$y at the be@~.~ing, the nf2cOnd COndi-e;i~fi ic$osed far 

underground d.ug-<~uts is Cormed~~e~lC, even auri% eonat sueticn., 

1 t 2 $J 0 f t,? i-3 p-@&e& i.ripxTXX’tCe in fEk@t f 3~0 conceal. tho 

&Jg--- u$t 6 ) xl.-t mly th3j-x’ o~)enillgS bl?;t alSO tIht3 ear‘t;ki_ ccr,ifii$ 

.Pros; their tion strln;: t;icd. <Lb-j s y-j'1 1. Se accgrr,i~,ll li_s.kl c+<i z 

P / -. B3~ COVerij^Ilr:’ 13?,e l_.---““-. +.,:;1;r~r:ces xuiL tp;.? ,~lam t foi. ; 1 ,~vj,.~;~ &---cI-----L-c(u- -,-.-,--2 I_-- 7 
earl& ( hanc',-ddJ.~+~;~~ti2 ill. ei;tr-& v;rQ~t~,~s‘ge -7 3 etc ?a;.> wi Cl? 

C kL:i,.O I!3 1 CLfl6? 

20/- 3;~ taLfr~~ precautions to prevent the excavut+dci 

garth frm rwe@np; t;he ;iork. .kf -U;\L/ mb8oiII is Lk3.e came colw aa -.-..- 

-the ?a~ soil) l-t ~ilf usually sufir'i~~ to scatter it in the ncibor- 

In the &x-m%& ease t'he following x2xi55hods could be used ;: 

a)- FiIiin;~~~-gbdJ hc&3g, -- 

rruni.c&tiSoM trenches .2 

b) - Fj.11 in% 2~ fiy::r-,all ;; I;;3 i.L 2 i G. --- -t,h~2- .“---- 

without any apparmt wcmewc-;nZ; 02 earth, 

c) *- Ii” ij, -yJ&g$ of ‘2,& jpt;$PS -jg &J-&l&j-J1 G ) if ~bre is 

a large mubern, of awri.j.i;;ix%x. and if the def2lade 

excava%ed earth cculd bt3; Uad to kj-~l&, at ti gx2.t 

dmrw works tht3 yarq~eta UP vljhich coulC 'be xmde of 

allows it, t;he 

$ ac l&J7 ai $.:.:‘f;i~r*(? e , 

-j>h e rem:ioved 



532 3xi3vs tihe ooengants Sivfq %armdes The beat poaakbla !$on- 

cLlA&ms in an undergro~md CitLlgout, it 2s not Jiuxxa&l that i-t; offerw 
protaetioma in cmse of a bombardezzlent, tmd, by a J'PZ~~Q~OUS tnterfss 

arrqwemB; f 8 -j$x3sPbility sf ahor% rest, pi iliixdi 5e alss pJssj.ble 

f&r the ooou$ants to IlA.ve there fsr 8 low; en.o~*h Lims and it Jbe 

tssmxtia-2 that the hq-out shoti be xmde as wholeas~e as gossfble 
> 

fsoan the point of view of huPd.ity and -tAat QP ven%i.la%isn, 

v- a- 

!&e san6%;a%ictn of the ~~-Qu-L must -0s 0~3 of tba 

zir;Qat ir;;glertani; coneih3ra-ticns of thl; ",'YLg:Lri f2 er- of flcJ er j ,r, c&r-e 

of it&? bu:&5ic&, 1t, 2.c cer-tkllnly t-:c;.! & 1’ a -y cj -thfrL~ to see on the 

f y’i) 2-t ri2Jly flscded ,a,7IS. l2h~?<ncianed au;' i:>yJ-i;y: j-&yjJ took ;;B ~-Jp&$L~~pJ~~ 

eIfYk!rt to buifd., tin& tbLt are iyiure Qf:>;::^L in7Uied by rain water than 

surface water. 

ona has to ;PIght Eq@.nst infiltrating rvrster ver,y r;uch on 

the two shares of the rg3'prsg > es.pxdaZly OM the right bank, -~jhere 

the dug-0uS-J w ZLSF? -mXl-t 1 G a fimxnxd liuest;one, HII these rogio~is, 

-&era the sci2. is m2ch turned QVBS, the rain water gathers In t&2 

a!?31l--h.Ol~:s, $22.. Lhrou.sh -t;‘lrze f-j. gQQp’$ s fn %ha l.imcut;sne penetratea 

3.iYbae by Im3&? to t&J body &“I’ t;& ti.174Y.=<Jy&-9; , w 2 mat is before long 

&, re;yJl~;,r fi:I ~~Q;yT’c.. 
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In thi0 terrain, it is best to use blasts wit&great 

precaution as they increase the fissures and the seepage, 

-tiain Water h&y be fought by the following processes : 

IO/- ~atablishment on the tmrfaee previously marked off, 

of a slightly inclined cover of tar-pager, or light curru&cated . . 
sheet-ircm 

(This process, very vulnerable, does not completely yrevent rain 

water in deep dug-outs). 

20/-q Making of two saw-cuts on eGch vertical side of the 

cap-sills, with a slope of about 1;1u', daymdil?g on the 13ngth of ' 

the cap sill, of 1 cm in depth and slightly incII.ined qm-~rda~ 

( rlate 29 ) .? 

into tht?wti Cd-L; aili: ~gQ-el;i li@.^_t $22 i:t; s ,3 F currug,‘at ed 

iron, fastened with wire, PA lon~itutiinal pptt;er fwGIT mtches the 

water and turns it towards a EULJ ~laccd. at the erzd of one 02 the 

gallerie E The sump is cover& by 8 wooden ,rating, m-x-l enptied by a 

30/- Another pocess consists in estabH.shing a gutter 

parallel to the oz~~~i.11, and fmtened to it by clasps of sheet- 

iron. 

The ircn-sheets: sloped, lik5 the l,'l~ &utter in a trans- 

verse direction, rest on their edge&and turr, the yfater Into a 

lon&tudinal gutter, (Removal c9,t;he triater as in the 2cd exmg&& 

( Plate 29 ) B 

p/- MI arched form can also be Given to,the sheets, tc i 

turn off the water into tvtro longitudicd drainso ( flate 29 ) 
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EP/- &et us Iz;ention another method that has not yet been 

proved by experience, 'but that seem susceptible of rending service 

from the point of view both of sanLtation or of reinforcement of 

the.dug-out in the ease where the presence of a water bearing &ra- 

tw does not permit of obtaining the neaesaary cover against large 

oaliber shells, 

yhe dug-out will first be bui2.t as a grand gallery with 

a azm.raon gallery parallel to it? titer replacing the two &jacent 

b t&neh~_c ns - the c:ap--aills rtr!ma.irlin,g held by tm crosa-plec~s nL"j 

a shee-t; Iran arch wil.1 De placed in the bodr of the dus-out, prop- 

pd unaer the center xu the q;ac es betmer, the sheet iron and tl1.e 

W&llS filled l.yI TYjlt;,tl COnC33Yeti;-: Sk3 thf: I?o3?k gOes on 

*he seep stem tiJi11 be condxmted by transversal drains 

It yb I? and 'Y" tomrds a lon@tudina7 drain ~~~~ ~nc~ir,ing ~;oprards a 

smp 2laoed 2t the md of one of the t=~mxm~es (Fig 10) 

a/. _ -imLw13:lc”iTIfE~ 
ICU~ tiirird 

n ii la. joule pr shaft 

sf a dug- out xi11 be ~:;sured, either by an 

opening in the w-a11 of the body of the dng out, 

or mm rq~iUly by the use of ventilatic~ chi~~~e=,r~~ made wj,th -t;he 

use of H Gufllat It hand-augers, Phis ~.@r both simgle and ragid in 

USf3, can n,ak.e vertical. holes of 10 to 12 Eeters in length arm 15 crLs 

Y 



in dialjp3ter in 6; -lxJ 8 hours ti;ne in xedim &rz,oui~Li., (1, 

lilolen -the i,a@rtarlee of the organizatisn, IAl3 Ibcm.&Jer anil 

MQx&I tg of the dug-x1t8 justify it, vent~latioe cmd e%ectx+-j lj..h,- 

twx can ix _rwLlized at t 

Iln one af the reoe~~e~ of the dug-out a @ ~FL Q,C, 

EMS by sib0 (‘llhe ventilator csubr$ evelztua~.~~ be w~r;i.;ssi bg hawed), 

I'he EQ&M.S~ from the+ en,gixts osuM be reaovgd 8 ahe~,b- 

I.rron pipe leadIng to the autaide through 8 shaft. 

TWQ fundated power-au.ply eablss 

mitting the eurrfmt to the points of using; fronri -bheae gables 

branches will lsad tf;o 16 ssndle-power ~~GQB 

lKu.1 be used far Lrans? 

(metal fklaarzenzs ~~33fe- 

0 2. t E3 , ~en~2r;j,lfg on tne i:cttojiil $I z’Iric;i M:lLrti,,nce .m i a&-; (-II&j for czch 

recess, (See plate 39 gi-i~Jng i;?~? example of &Jl &rr&r;i,aii;$;~t uacu in 

the Vsrdun regiol-1, ) 

fLAYI 0 & ‘J-;grqJ 

!phe ventilation K-ill be Aad tro-qh ZL vertical duct 

c1j.rectl.y over the ventllztir:$; .rm.; I.&c air 3-113 be ctrivsn out 

-tLlmm;l;l? a Lt,lZ rwter piping, ixiqm~de:i -t;fj t??,e ceill.r,g8 of the pctr+ 
sag% ga13erios, 
_----.-aP__c_u----v--___u_____ -------.--_--u-I -A=--."-----" I.--'CI -_-,_ ..Ts ,u. 1... L- -. ." - - - 



- t&- 

GJi L.2 rl ;; -j ;i:’ -,,y j” -1 ;.I -b c$ (-1. i ;j t 3;’ j ;; ;& I$ ;: u 1 
f/ :,,;iL<j:,Jgoi~~i(< Ti;i,??Q] ::X’3 j 1; j, h(; :$ \‘i 

l$l~jj ]:A\$ :,*.I CC;: .lil tk).e .&2 r _ piij e& ,, 

ij!jie j-y- t..j-;11 7 5j-i~~ .A> . VC ,:: ~:lli;isj, &.;2t; “ch$ necP”’ p 4~~3LJy precautlonr; for 
i:r&jc*i&t$ ri,g ‘; li-Q!3‘~~1f,t;~:;; vj-i,rfj ~ pmx~15~iP1 cleats, etc, ,,); 2 ,zy’21-~ QQ i ::- 

r:i_cs-tom” -vi11 be e&a,:,j_j. &~ieti t;c p let C& 2 o:echanic know :At all j&-es 

t& CY+- ‘1. ’ x~t~LbTt; cSf I.t2a-al;2t,-jo~L of Z&J g;;step. 

The 3 kw, electric plant I;:, bdc~i.on TOY’ 1;~ ::;~:?.v fi,z 1 -0 ,,., .;j, -----F--~x.M.“.w~.~.--~--~-, --.“_w.u 
& i $j ;-‘I?- ;a F-j&Q Q:r:.t-j to op er:dt 2 && 3.5 cc;;;;nQ r.2 1 >, - I_.1 P--m.- .-k--..C-I-,P .A:., ‘; c; ..A.- -&,,. ;:. 2 L-i 3 ye$tl -;.s ~Q-p.:, ----h-----,-.,L..-,.J 



cl-w? T i22 s-v 

PROT'ECTION A&LIN~T DB:I;~T~XIO~~ ,k.ND ASP13YXXATING GAS6S. 

protection agalnat gases ia met by different processes : 

lo/- Cloth curtains obstructing the entrance or doors closing as -- 

tight as gossiblet. 

20/- I&UKGS closed by two curtains suspended ffrox i,"rz~.~es $AG& s'c 

the en"urance galleries 2 meters Lpast (See plate 3&) 

_A, ixm placed in t'r,c drwfi ncutmlizes, ml.th 3, spraying 

machine containing an apixqriate solutt,ion, the gases that can pe-- 

netrate in this space, whenever the ex?xrior cur%ain is lifted to 

ailow some one to pass 

Qx2 rouilded fom given to the ugi&tn of the fralzes 

allow the curtain, stretahed b2 a metal brace, to fit ver;gr exactly 

against these uprights. 

The interval bet?xen the ~IYLL:W and t& wood-Forks of the i 

gallery Is closed by a wall of sods, 

These two methods are rou&h ones; they ar% certainly fn- 

suf.ficLent against t@e prolonged act&x of gsses, 

30/- Previous. system compltited 5~ a filteriny~~le~, 

If the efcission of g&s is of ~~sral hours duration the 

interior volume of air necessx*y %G assure t'riZ liZ!:'e of the personnel 

in the dug-out v1l11 be insufficAent, and. it will be necessary to 

have an arrangement allowing -E: RmOvEd of tke vitiated air, '~0 



111 f&,4( - 

2 
r 

that eff ec’t , thti ab3OrbiIlg pOwer that VegetCiblti f2lSJ%h &La for Xl- 
t / 
; xiou~ gases vi%1 be 'tiscd, by creati2~ in a galXery specially built 
1 g for -that puri?ose, an earth filter through whfch the afr will be 
1 
I drmm :1 (ymmzw;r earth can h~lh abcmt ita cmn PC~II$YS of &=j~Zoi*i.ne,g&s; 
1 -_I 

i that 5. F 
I 

one C?.lbic: fi&311' of t-his wxth can km u::deer a iva-~e of at- U___-.Lm..- 
j I -&c?ks F given the v,si,mJ concentration uf such 3ixwes, 2b-L lL-;ast one. 
I 

c-:u3 I Q 3 zeters of ?xceathable air, at 3, ~Sixix~-m t3jgx-A OP 1 121 _ *~~..."I~*- -p 

bv" iL;:'. 37J-t G : "~?I. 8 earth "tJ ei.ng =rr*ra~ged i,n a %(.I? 0~8" Ziqw.~, that fs &-+--."-..--^^n 
2 &--J&~@ ~l-le~;eI'~ of kxKrPa@e -Qer cubia meter put in @2me, this 0utpu-t 

WflS, be ~~jjt;;i,~:p;~~ -Q&e,9" y$ ~:jA?&rix~@~ of pmfjs&i of 2 f;G 3 cen?&@- 

ters of TT:;L$'Q-j--< 

pw il M-J c.Thl?je r,.Ji: &,j r d y;;&y;,-j, 1 17. by the ventil a?mr will expcd i_n 

-u-L e y'o("?mg && ;;;"(&';s e &r; q-g-2 2 3 ,~2j.x" e t h&tri T:g~~ 2 &tmJr t;h.e expl si.iin zm".s- -a-___* 

6 ?" t-he -I .;-.. 2: ;A i; t., .A2 % ;-iif+-c--jvy~~(j :>; i; eyj& j-y&-; 3 $ J> . 

&Y.y;t:j.rl d $,)JE @i&&i Q- 0 .r air yia~~ec&,r;)r $er pGjpanl;fj is ; 

par age ~rlfarltr~section = 1 gl * 3 
,“..+&-c.-.----~ 

.i\ tj <$I t;‘{ Q,=?,;Al for each opening = .L,,J_ILD-,-“---M.- a-- 

-par irmtmxm, 2 dug-out f?x~ a//2 pIatom having only me outlet nil3 

be sufficisnti~y 3-3ntiPated with. a r& 8 psr minute; if there are twQ 

Op132.i;“;&S,r 1 y 5 317n 3 will be needeL 

If ib is a qpsticrn of a Cd?, or a dressy station,, 

the 

u$ of a&r par 1~~,~~, plns&& 19 omxn~ng. yer -gLI .s-. 

Q3.e t~,lckzleas of v2getable earth mu& be about 0 0 58 

weters, aad with a sufficient dena~.~,~ obtainsd by -uqing, thsrs 

will be aouYbtedp for the YlQrl~ttb capacity of the filter in 3ne --- 

& 



Xllinute,_X/3 ma of air per sz&trs Let$?r of surfaceS 

!Phe surface of the filter for a du&+ut of half a platoon 

with one opening will thus be ;3 I$; for a C.P. of 100 B.? mfth ope- 

nings, 4 to 5 rn? 

The filtering gallery can be made in prolongation of the 

Uug-out, Et oan also be plaoed parallel $0 the bo,dy of the dug-out, 

separated from it by a thi.cknesa of rreah earth of at least 3 meterg, 

and oyeninfS into one of the entramzce galleries.. (slates 31 and 32) 

fthj_s last diq-msition ~ecm the mmt advantageous as it d 

1s independent of the body of the dug-out and a3.1ows an easy upkeep j 

and watrthing af tha ff2ters, 

In both ciuxm, there Is need of obtaining, in building the 

fflter and glaclng the ventilates (l), a cm-Pete closing of the 

jdnts with vegetable earth, so that the ventilator cannot dray iti 

utiiPtered gasthroue;h the fissures 

A dozen realltstie trdals of this system have been made, 

either at Satmy or in the Army zone; and have given satisfaction I 

under toxic atmospheres muoh ~1cme. mnzentra-ted than the attacking : 

w&veB, the air of the dug-outs has remained pure for 7 con.secutfve 

hours, no%withstandi~g the more or leaa nmerous exite and entrap- 

tea; ocCupanta were able to rmain wIthout using masks and without 

b&w dlsturbed. Revertheless, this methud of groteotfon against gas 

oannot be adually considered as corupletely proved, by experience, 
-------------------------------------------------------------------~- 

; 
(l),- plate 33 gives an exmgle of a wooden ventilator constm;icted 

for the dfviaion or aray cmg C.P.%,) 



SFCOED PART. 

SURFACE SHEILTZRS~ 

SHEI~TcERS FE? FFzR !3,XYl..EJ:, l?MXZN~ GUNS, 

c. P l O9F13i~;;;BV!~~ION SZ'A~XCT613 

EWS 

Surface sb3lt era for field 1fijGL'&.S groof sgainst high-~power 

210 ga32 j.ectiles (1) can be bw.il t ; 

l”/- -&eArely in rrIEmcl~~~, . ..-..u_-- (an. excegtional methocl. bec~lnse 

09 the great protective thickness needed) f or ent.$rel~ hls-Jecial 

conerete, -_c___- or gdxir6d.y in reitioroed concreteh ..a"---^__- 

ip/- If the body of the tihel.ter is in m,sonry an& alr+ady 

exiatingJ by r;r,aking reini?orCC nsnea that will include a catresg Qf 

sand .wu~ broaden hocks and a burster ( Reinforcing of a 

cella for inst,ance) r, 

--u---IIws". .w‘d---------u.--.- --------L---~----R-----~-------------- -...w.w-..".s.L- 

(l>P In C&EC? it should be necessary to ob-f;ain pro2;ectfon q.pi.nf-3* 
hi.ghw w&i.bers tlxm 21uB znii vd~en :It J=. not fu,reii to ,~r:a& 
a str~ ng Qxli ef I' cm QE surfaic e of thd nat2..;r3?. p~ou.k~-,d 3 *tie 
t;~xm of "-pct@x'~Qr *"@~f.&pac-;, ff ?3-j.13, be unfsti E wii;h a betl of 

sand and bursters as mm~ti:x~ded By the wrote of 
.ugust 2313 1916, from the GvQdL Po~lo~dng the report of 
UP-Colonel B~ROIY, 022 the effects of the bo&xxviment of tfie 
fortLR.catlaaa of VE'tbLNlL 



@iSi.e last; mode of constru~?iti~n is to be recozxzended if 

there are materiaXs for mascnry (~~&lzg from : cparrfes, ruinled 

houses or villages) on hand, not Par from the sita of w-ark, Yhen 

QT~ will only have to provide the materials necessary for the 

bursters and mortar for the masonv. 

The shelters proper ~111 be composed either sf large cap& 

city main shelters, or better of a series of re@eq3exeninp; 0x1 a 

central or lateral paaaage wag@ 

The interior llni.~ vKL1 either be made by strong aheet 

iron arches or by mip? gall@= %ramesG 

In ths building of a sur:f"ace shelter, tht? fo3.lo1~Ing prila- 

ciples should be remenbered c 

lo/- To diminish the height a'bova the ground 1evei,and to 

give greater protection, the dug-outs will be EKUI& as deeply as 

possible ixxto the ground, wifh~~oi~ belcsw 8 degth of 3 met- 

as that would necessitate considerable ezxavatIOn3 

ZQ/- jtnhe exterior form of the pastsr exposed to direot L 

hita from artiflery fire must be rpunded offA and flattened to in- 

crease c r+xhettIng~ 

p/- Tha u~~per cwverfng of concrete roofs must reaeive 

only dr thltn lgger 09 earth or wda, to avoid tamping, 

p/-= VYhenever po asible, make ir&qxxuknt Lhe bupstxr 

md the ma.fn body of the shelter, so as to diminiash 

the mount of static strain that the l&.%-t; wf,il have to support, 

so/- Excapt in sgecial cases, She lilaing co~psc;d of 8hw-b 

rl~~n arehea QT naina-frames, wi.12. be maintained after the 0omslt;tiort 



af t-h3 concrete and. the masonry. !+nlia 1hdA.g wi.31 rmlxe the interio.r 

fX?mngs easy to build; it wil,l help to jmJfe the conatsuctios stroa-- 

fv=, as ther$ may be irqpKrf?ections therein because cf the diffioul- 

tiw3 ma:; will be often met hl constlructlng these works at the frQ:pf-& 

menta, aske a very good JOfY.L& 8c! L:i6 to prever;.t IT&at; l:Qgened &% 

VERDIID, thst I.s, sliding with wferwcs t,c? mz.e a.ct;thes. 

3 .?I -m s;pJfJ$fgj Ti”()B f-j g#~fi?gj.ELp 

;* 
/. 

- ShC?lttW WI.i.~~ ~~lleet; ir(JX :,~.x"(jl?~ ',j(>&x. - 
s--m-, -4 --.-."- .-_..-- 

Protecticn rl;i..:, bJd c:cl.;air:.ed,~ as l.&!.O‘ml uy1 ;jlate 34, ejthar 

by a apeafal csncrete shell 1,5(.) m?tess thick (with an apron), or 

S$ 2.J.l s&i9 of rcln%orced @03'$:Yle'$e % mste r z;k!u!ir 1‘edFin~ on broken 

stonea- $ or by <in inlk?aA.m lining In ar;laaonry 1 natcr -thic& (or of 

og;=ci;tl concrete OdijQ) CUVCYS~ wh$h a 1 meter nattress of bro,iien r~~:k 

and. a o/75 cetcr burstel: of reinfwce& cmmrcte, 

aXiS Gf t;ht? shelter; tht? Olktl@tf3 Ei2.32 Of cor:gyn,on galleq~ dinenaions, 

2*/- mof ES shelter of gp~nd pqzJ,lery dlqqm-f_gz. (;;ee plate a) 

protec3tion imy be obtarinecti fidther by a lining of ~$90 m+ 

ters of qecial concrete ccvtued ;7ilth 4% 1 rze;ter. zLateress Gf broken 

rock and a (.I,?5 meter burster of reinfcmxd mncrete, or by 

8 special concr&e shell J,sQ meters thick (nzf-bh z~;?ron), or by a 

rejnforced conorete ahell I,00 meter thiok (mith qpm), or 3-y rein- 

forced concrete &lab I Deter thick s~~yorted by abutelxenta of 1,~s 



meters, made of masonry, and held together tightly by cross-bars, 

ilhe beds are plamd parallel to the body of the shelter 

in the middle of which a ()/Kl meter passage ia left; the outl_ets 

are of common gallery dimensiona, 

30/- .Body of a shelter composed bp recesses oQ@ninp; on a central 

_or lateral passageo- 

The recesses can be Lade with sheet Sron arches (ILLate 

36) holding 8 men, or be built like grand gallerbes (Plate 37) 

, 

kml.ding 6 men, 

gn both cases, the protection of the shelter may be ob- 

tained by one of the methGds indicated in the %wO preoedIn@ 08sesL 

~hc passage 16 buil% as a eomzion t;allery or a Il., 33 meter 

gallery, ‘Lfhe outlets are built of a cor2mon gallery 8ize y u I 

3- POSTS OF COWND - 

C6REE-SSING STA’~JONSo - 

cpheae are oonstruoted after the same principles as the 

shelters for personnel (type wJ_th recesses and. central hall) and 

only differ as to the interior arrangenents. (see tbeunderground 

dqp&C.P.‘a and dressing stations, pages 2241) 

They wif1 be generally buil-t into a slop facing away 

from the em.mx, the different moms rcceivfng daylight, through loop- 

holes made in the wall. 

,- 



40 - &ULCHINE GUl!J SB~Lf17‘G'Ro 

Yyyes fomed by only one slab UP elli~~~tic vault supported _ 

by abutements wil.1 usually be adopted for surface shelters for 

machine-guns, 

lo/- tf&jliZT~S BUILT OF RAIILS AED SPGCIU COlERET&- (Plate 3&3fo 

The +mP i.a mmpsed of two ~roaaed TQWB of rails aepa- 

rated by a 0,&I mete.s lapr of concrete, and the whoXe is covered 

with a OJO meter thioknesa of cmxzete, so as to forta a slab C)$40 

meters thick The abutments are 3. meter thfck, &is shelter is 

hardly pro@’ against a high-+ower 210 she& 

zy-- SHEZTh% OF $' L%Jsen;ate de m+ y' WpEc (Plate 39) r 

fJthe parts ezqmsed to direct hits, that iu, the roof and 

the wall facing the eruzew In whioh the embrasure is cut are made of 

reinforced mncrete, ‘the shelter has a lower stoqT mserved fos the 

personnel, VI223 fr0n4 + wall is 1,~ ncters thick and the roof 1,';5 

meters; the relief is about ~meterg; it i.3 a -hype only 

to be tinderl;aken w&m -LLN ex@acemmt is hidden from, the emmq+s 

Vi.@W, yhe constr-cmtion n.ecessit&xs a big concrete working plaxt; 

but the fivllished sheUxr is proof against hi,<h-pomr z.LB’s and 

iggj’s and there is need CKf I-es erving it for machine-gun posi.tions 

having a fundmenta1 defensive role (eoverring a pint that mat bc --- --A”m& 

passed, goneral enfilading poaitiun, etc O -?) 

V/-- *he two types that have been described hme 

of being a lar,gs sfze a,nd ~~howing a mh relief -- 

oondftlzn that cmmot be entirely avoi.ded, as it 

the Incormenience~~ 

The relief ia 8 

is necessary to 



i/l c f; rJ’ _ 

11 aTJ f$ +G yll t* &4x i c$ G:f -t?i@ e& ;r:‘pti E:?:{ y e St; l@:~@-tj Q a ig X~~eteT’E !,iil?:!:?f 23 ‘the n::.,-t&y- 

2x1 surface ~9 the pc'ulnd, and gJ7JpqJCIlt;Z$ the lswer $urt of me 

slab will be at le&sri; o,vo be-twu above the level, ~‘or relnformd ---Mw 

concrete shelter ~proof against 'hi& powQr~J.~&~$lhUr;; --.-..s. " 

relief is neceaaar~?O metersr 

This is the thfokness of the caaemste shorn OM plate 4X!= 

.timdvciea -thikJ, ?&3 interior dimm3ions of this casemate have been 

conaiderab1y df~x;lnj.ahed by axi ammgexumt of the frovlt mall for haI.& 

ing the front; 2art of the tripod, and by a reducticm of the pod- 

lions of the ~~m2ssmsn and the loader, (1). 

fphe persaonnel ia a)sotet3ted in mrrilal *tiea fn &rl umae~mund 
dug-out Joiaad.ts the uasmate b;g $1z~ edir~uaue prdsimted for aevmzfl 

yarde by a black of cmmrete. 

‘jJ&fj ever typ s i a adcJ-$t e:i I it is essential to build all 

these casernateu only at point+ ~dv.xe they cannot be observed (coun- 

tsr-slope line, mooded region, cad. positiona, eta,,,) and it is 

necessary to diagufae them cayefua (camufXag& 

Wmmdse, in spite of all the care used in their construe- 

tion, they would. be liable, bemmse of' their reliaf, to a certain 

destruction, if the ennemy wishes to pay the price, because the repe- 

tition of hit23 will bdd3.g about a disintegration of the concrete, 

i;'urthemmre if the shelter itself is apared, the earth thrown ug 1x1 

front; 0.-f the loop-4mle wU1 make the machine guxPs amion impoasibleL 

(1) o‘- +&te front dinlteneions of' t-ha casem&a could be ,redv,@ed B;t;ilJ 
f~r%her by wing the 4;r;l%O~~&tic loading arrane;euenjy described 
f7J.:-$;.h er cn, 



~3 has been attempted to 

m.ently the vieEbilit,y, by usiq aetta3, roo?sc 

and eonse- -B--L- 

!fhe type shoorrn OG plate 41, vvhioh has already been used 

(2nd "hr& is eo~posed of senf-hard steel w42 fitted into a rein- 

forced oonw+ete bloc!~ *he thic?rne;-Js of the ca-g varies froc l.li) m 

? -I- i.'&i, z;-p & -. Ioor--hoIa t.J l--(Jza a-i; t& rear,; .M--"-~-.~--.--~..-.. c--v 

I$~ e 1"" 7* ..Y - Ld.d~.rie-~un' is unlaced on a special su~,ig,or-6 that can 
. 

tu:rn sround a vertical. @Tot pJactr3 in its for~a.rd port; 113. ehds Ean- 
nes the mv2hine-gun3 ~ivuts araxnd its m~zle, takix 112 less rborn 

a,nd ne eti..i..x~ a i2rml.l er loop-ho1 e Iv A cpx-bi3. arrangemnt forr~a a sort 

of a ade~ression-carria~e~ all0qQng the zschins-gun to be broucl1.t 

back and LLI.GT CC l.ocq-h~lti Lo be z!loned..- yhe h0rj.20ntal field of 

fire is ~00 in 8 c:.~tieva%& vith 1 ;toop-hole, 1500 ~11 one v~fth txo 

lOOp-hUi'2S, 

i\l-+~ 2 (~~p&Jc.~~~ Fj:? tlrs:Je GSaergates is ‘"T '? -"T . ..-g el';zsy the vIai.-- 

bili-by is practically nothing, 

g/-y- kl yrJ~'i~gjp g+jJ$~gjj?-$. - --_I- 

yhe visibility of ~s&;Lj sw-g~i'~~ CCC ti1.30 'r;a djruinished by 

ye&uciy;g ?,pie c~~+TL~ of 52. LAW tlleir 1Q(Q..+-J3_gA~ to ik iXiiTLE,UJ& (fCT a Wail 1 

meter thick and a fieid of Pir2 OS c.0” 
I t&e size of -the cpening at 

$12,; e>rteri=, r' Kg-j&j ;; 2 1 x 6 : 53 yet era) "' 'IWis result can be obtained 
. 

by a T'eCeSS iI1 %hxILe Vt'sll where the zLch;ine-gun pi.11 be glaced aad by 
1 

fixing it on 3 special csrrisge that can be moved about 0~ a o-&- 

rfujadr S;ra& yyo y& L:;:L$~Lz~~Q 1oadingi.s effectedby it ~TI.IEL that AS 

p:?zrt of tll$ c2,rr.j ;2 c-2-e ;-:,nli* y'hasf3 ; ;I 1 ,.!l&G:: is ptiqendicular to t&e a8 



chine-gun in all ita posfticmElo ~gu31 dm can hold 500 cartridgea 

(See,plgx3 42)* 

An opening in the conorete wall. ia mab3 lx3 haVt3 rook fm? 

the drum when the md-hne-gun is in its extrenie p~itf;i~n. 

yhi@ method ha8 the incbnvecienoe of di~~~i~b~~g the pro- 

~~C~tiOIL Of the U~ia~J'l;.%IS~-~X.~ alI6 its CI'C%fr yo counteract this a method 

has been tried in the 2ml ~rtiy that allows the mchine-gun placed 

inaide the tihelter to ;,i-iTg-& aroufid an i.~aginary point placaii Gil 2;he 

miter eoveriq of tiva ~7iill.~ 

Yhis srsarqemnt i.s coq;oaorL of :: -_ 2 circular r&LXs, the 

center T is3 a lIttie in fron& cl-i" the ou$eJ; 3jm.ll of thf: 

casemate ( Figa 11) 

On. the track id3 a sgeci.81 oarriage 

carrying- the nmhIne-gun A LEO 

.t$y moving the c&r~Iag;e on the trmk-rs 

t;he t2m acta as if" it was 

poloqed to the goiw, 0 around 

Tchich -the fictfoisua muzzle pivots. 

1.x-l this w&y 34 ninilr;um opn~ng 

is obtained, in & horizontal dire&ion, 

A mfni.a~m in a vztical tilrection is obtained by EL 

ageofal canstnmtion of tho c~r~i.age 

ttlhe Il;%?hine-gun rla fastened to the carriage by,,rr,eane of 
I 

a,-rl articulated parnllelogsm, that alhms the am to be lotTered or 

raised ae decired, by asking its pm? 0 npd extrer,ll q7+ 2j.vo-t altIc r;t 



asPound the isartiae point yjwe g jj'f& 12) 

fn t&is mumer IA-03 0uther 0pe11ing 

Qf "jhe Ibog-hole ez2.n be reduced t;o a. 

few sentine-bess in hsight, 

dxi? ci;lrriage mhlcb can be taken 

qm~t 18 bu.ilt of iron roda ~our,fjed 

on mllsrs -t&at IlrT-m In the "crack& 

yq1.e Jq-JpcI' pLr t 
._1 L fd" aTtfculatcd ~~~~~~~.b~~~,rn .& 'Jj C 0 on y&f-& the. am $8 placed 

t!wou~h an intermediar,y plate LI E 2 mOTlzble kW0und a horizontal axis 

2,2; i.B :2:!? ??,rt-F.ng on the prolongatj,~~~ @ j$ of tt;hfj f&j,e w c that; tfsJ- 
t 

zln;t r tJ;L;;.lj j,JJ & rQllex', 

122 the a>par&tu B the KM@ A B 2.8 ~wQow&~~, the lengths 

24. E an9 II D are coonst~3,nC , 

Fihen the pmd iel og=ra,~ i B 7 ~efom~ed (a x3 c4Qf~) the glate 

0 E at;fll rssta on the -jJrolonga- 

tfon of 22 8 ,%hat haa eme A ctqg~, 

yhe l:irre l?jt;l"TJ' cute A B in a pofnt 

0’ which cofncldea with a point Q 

. 
: 

,- / !. 
1, 
.r.i ~~+ ;> 2 

Yl -1 r- 
-r-e II 

-J-n faQt, -.,ryc &&T&a 
527 the 3izilar triaqlea : 

OB L-.%-w& ..= i a ;~f,,~~ 
A. B A %?.-&--,zA.~ -“*. g __ j.j u F=-$j 

2A-s + b 2; ,,, I;:.,’ ,- , 4; .,-, j3l 

I, -q *... 3, I:, : ““ f-$ T’ 
r ‘.r *, L* I 3 

, “:““p 
A. LJ 

“,: 

.;: ;, 
, <I, -‘>$,> ; 7 

“. ! I*,,r” ..L : I ;-i ‘., s.: 



$xUA.laticm of the c3seL:atwso- -- -- 

yhe co~&t;lstion 0-f' the ~o'i'r;ieI? in th0 '.X%%ia@W @VW 23 

great quantity of okid0 9X+ carbon mat sp?%sail,s in tile shelter and 

may rapS.bly poison. the personnel ; the iac% Ima ‘oeec v?;xTifi.sa,, I 
/ 

And 50 it 18 neoesmxy to 88cUrs i;l gooa veYitSla”Lion OP these she!- j 
-1 

t t31‘8- 1 

I- 
t, *. 

‘)> f’ ,_ ,., ~j _.;yi:,;,l&y pJg J,‘,‘T~~J$ , 

xy:t: 0 b ~jerT:$‘t;fQr! ;9 tatkms :dx of a ty_p e ~~yix;T*iL~r to ra- E 
&ine -ppn she-1 Lew, InG; s;c,j [.;sall a$!J gosei’B*k* r;o r.iixi.iei&2. tj:c’:.r r;-isj.- 

8 L-; L 3 ;:'TTT,"l;; y-j* <:Ej jfnx '3 ;; ;,*;;'&l';(-Je -;. 1,;; cp""s;: CTB &2d tArti l.3; erj: Dxwt 

fy;-p&yt;yJ ‘$\; ‘*.lyjIt 7’: -:y;<; :il:Iy:;:c; $&se dy&jc; $-tQ-dh -t,E: ii .* s q:;:.cyt Pd GO II 

j-;hcyt, bn j&;e (jr t:&-jjie t‘& ~.~~-t‘vic;;; xill x;:ot; in$erfc~~s \,/if;h. &-J-j~;~ 

jyv;j,z; 0:; t;hf: f’i-b&Jf qY’ j ~&&.i’:Qy < *‘i’j.$:yr,. 

3-k 
llti 1 ,.;, & i, ,c’(, ‘1; ‘T -f7Y~ 7-a 2 5’: 3:‘ 1.; ‘;“:? p ,:’ -, 2. . bl;;-jj Q-j 0 -jnt2yj-0 y ;3 :j iyLc-qz- 



__y_- . 

Sgecj.21 concrete and reinforced ccmrete are made with 

grwm, ____ Fz%nd &Ed 9-i the proportions of these three elements are 

the xwe in EL& v2ciety of ccuzr4rete3, HeinPorced concrete differs 

f Ii--or:1 special concrete only by the uat21 lxx33 mibedtied In the ~aagj~ 

$le resist3nce of coticrete depends entirely on the 

2 270 11 c 3iI-s: a the el?,uice a:! r !:,ste.Fl.Lbl ~3/Jlii. the care of .r>l&,QT -J.“c I-W -- , 3 

1, *.. y~-OpOyp~qug:~ 

- 

2he folio .1. wjJ& py-J;l~rtions wi31 be -asad : 

$mi. ” k.&-l$ 300 

ylli s j;IY’qJc?rtic\E :Till $+k! ‘I 2~ 3 
of ccnc P cte pent into place -a..- 

I e i2s&i$. 04 gra-v~!:, broken stem snd 31~~6 are ~XEB~~ the volma of 
‘ I 

sa!r,d mwt 52 bmu$it tc 0 xy 350: to obtxh i;t solid emcrete, 

1x1 reinfs:~~::e(r concrete the weight of tl-x! netal KU& reach 

80 -&Lir;s p er I'; 3 (. b this weight coI~responds to the !;;axi&m stre@jh, 

,z --’ ~jgyJ:c~; 0 $J &j&J,qgJI$J$$ p 
- *_I-- --mm 

A/ - ShlTD, - 



yki$ S&rJCZ Ej.JJ.st cog;;@ frQi?~ VerTT hai L -4 rc3 i: 12 ; p --# 26 far ;;28 $0 sy& --L--- -.. “-.- ..-, _c-“-dL -...-- v 

ble sil-j~ious; ita ~:raty~,s ~2~7 be rough ox, ;!r;@Oth; id.T JZUS~ kf? C@L- c 

p1etel-y frge from ala-y a,nd all f~re$p mat%e+Ts$; it @-St &ra%e ifi the 

hand; ft z;:tmt ba T%ded with. great WI-e; the 13X”pE’t size of the 

grains waust n.cG :mr~>aas 1, centimeter, 

%?i e mnd muat tllcjye-fore ‘02 i-xiA?tcd v.-ith. 3, sieve of ci!Ic -mm 

centimeter s;quare mesh, but too flm3 c'x mm1 (lens them 2 LIZ- 

Ifm&eys) must not be used, $+he sand way be d-vantageonsly WC& 320 

it comes (fine and la~~ge plains) sifted ati stzlted. ~~~cYw:. 

j&l- cmi?usmIk@ *- -- 

~yavel or a mixture cf l;abblcs CCIK~~~- frm hard rooks or 

VQ~J h.z,rd lnatarfals only must be used, *he ro&a 6~’ :eter-5,als UUS% m -Y-.,,-CC” 

be also very dense (granite9 p~?phyriea; flint, CM.CJ.OU~ ToC~B, 

slag from smelting furnacek3, etc,) exdu6xn~ :mft llx33dxme, pxwz 

sandstone, etc. .: xhe gravel may hnve ,the fom of ghiq$e p brokep- 

stme or very hard. slas. It is not necf!wcq that tha size of th5 

elements be the S&M ; A L o;lin v&y fkor~ %_t:: ‘I mrMc:ts?z y bit L ~;ix;i- C-C-C . . -ULI. 

-!,ure ~~ntain.i,ng a stmng jp2prt;i c-2 PI? de~,,~ -dx of t,he l.ar::e 8% KI,ZF: 

2kb:,c!T?ld be p~!ferrcd.> 

yh&? goblnl es ;uix:g -t!-l~JOl;r.& g&eve tyith 7 cent iiyyt-t:x’ - I----c------ -- w 

lpi?% Y<een. Tares can be u.seL yhey ri;ust be frew~ from a11 foreigyi n;at.- -- ---- 

t 8YS dirt, ixinh-;t;c:~ed dx . 

c/ ei3m!nY 0 

2';; r 7#3 y& I. irs L,JkI .&. rd,Lvllf~r~::~ xmurete slcm setting 

art,3 fj. cial jJjJ2It-tTCj c 'zr~Y2 t JF ti.. Very &'OOd qm.lity muat 'be used, ft 

mtlst not hwm been injnrnd IQ- =zWs;tire to the tzir, a~;i l;it;cst not 



For ~W~~iC 92 3.-is~i-!xe. dxKiti~n puzgolana (.$&$,g) c&Qenta mw 

1) 8 113 e (3, (i bxt they have fha disadvant&ge of coace-&i~es attackinp the d 

~~&&-J ;4yfJ$m 0 f 1Q i;;-inc :3trer~~Sh in Ma;:a &Len they- are I;l,s;& -j-r, f-qpn 

d 1‘37 E;Li 1’: 

y&i r,;; &i z&a;2r: e D,p mrtXir:3 2i2Xi CXnXnxt e of s.lag aem en-b 1~ 

:~~oi,7_t ‘s.Lj. or ,r-:--f- of rp(jrj;;:jr:-! ‘-1 :+‘c; i10ylz2tJec 0 f ard-jn~*m por-t;land 02~ v i !.<;I, .I -+-..+..‘--.%. . a..-“_-_- -%-..M”.---_dA-.“.m -.-- -%.,..“-:-.“~.~ .“-2L4”z- ,I 

,i-?J?x’;” ,____ ggr t.‘h ‘% l.i,,+ ,a’ f YJ’ _ -* ‘7-j r’(+J :) rJ T 1: i C”) b? 1’. I . *‘a7 --UI.Ld_. ^A.. ._-- --a.- wdA.,- .I._ r.._ _.^_ L.-. 

1; I,, .i 13 :: I c:$ f j-3 p‘ J :-r~‘_ 4 s ., a&s ---..P- --... ^ -.-. I _ ._ ,c -. 2.. . L . .: -.:;,-“,.L.. 
:_ , J 1;. (y .r; 1 (1 ‘0 5 . __” :A:.T;: li ded because of the .C “I-I.I--“.“-.--yuMP- cI*,-_u_., A&..-,. 

:j-ip,“.‘j<:-yj, t;y t-J p ,$,y& i.-@; <ML .,I ‘::C? --.;\;.g;t;i t:.jQF <;&ye2 I-J2 c; 23 rJ-t;y$yg .5&s s.low cet- . 

t 1 nz; !3 eg;$& k-3 F 

&GO ng Fj 1”1 yJ*y; 3 c 0 ‘; ,I yq.; (; 5;: +d ;; .& ;> &y~:.p’(~y jJG to the abave madi- 

t .I0 :1a ., ,fi ;-:ej.y yJ:-j :.;*j~:J ;a, (22, :-+jl-j; 2; r+yf, j;.y;;r;:rj. 'iTe-Ly ra,giLily 2re L-&u Bf$zz, 

L$ ;j -;- 4, ‘ , i -)... r. .,, 4 < 
;r;.: br, 1. ., L&i., I.. b r-0 rg ljbJriYT:; i.:'j :'3$ i.:ier,l ;Lj"f-sT 

LI,U...~.I-.I-"d~ I_ ,ir . . . 
$ k-1 $2 ' i,,-lr:i1y 2 f2.y g-r@& @yJ 

.J" s str2n~;th t&-m tn":o &$~'~;.,,_ ;-; f-J y [j ::yij-yLa-qi 2 f?TL $.;cJ; t; ;y K&t?% ~0 ,r f3e~f:,n da-y& .uII 

nary p:, rp, 1 sld @ Q,y;$ ;‘: t dw~$<:a,-~ p3.‘~d7%~tS g’ll,GpL aB ohlaride of C&3-- 

ciuz ( iQQ &y’. pY J.,it,ey3 of i:*ib:jY& TJ;;btey) (ja.1 be pqj i; -Jn the ~T?&ter 

?;! Be d -Jn pci’- .: -&;‘a; *tl!~ c~n.cr@te. ichis pmceas has not beer; sans$ionead 

‘sy practice, 

q -* g7?JmL: 

T]ir;: -),j&lss ;yQ;* %he rc;i:nfOrc:ecl eoncrete 0-i;” dcfsn8ive works 

uEcal2;y COIx!;-5E%9;,0 0% TYxm=d bfira 2x-l. a,2 Empt a-tje+l j&e clfm&er tyf L-U -.--I .I-- -.-I-I----~ 

’ y35,e3h -iJCLtr;\~ i;e?flTprc?‘;:E IQ XJ. zi: .-+&m. c ..--..- i?li&;eter~* -A!-, , If round bc?rs are rlQ”t; a-ii&&- 

aisle) rjr;u:Lre or’ ;,;,,1.r I’i;.?-t c. .G t*z:l btzru Gdi2 II:,; uaeil; tfne cQn(“jrete czn 

-tie .re.infQrced eve&. ‘i;Tr ;z&l-ig .1 ;fyyJ 3 aE ix&i 3at eii hereaft e-p, Lagtly ~ 

. 



_ (r-j&?- 1 

semi-hard steel bars oa,n be -used on -i;he condUAon that thfs ti:z‘teel 

ip not brittle and that it cm support the strain of bendin:3; ~%Lle 

cold that these bars hove to be submitted to before beisr,g glnc~d i.~l 
,I 

the cox~rete!, 1 

The thicknesses of blccm of reinforcsd concrete, as ~11 

as the zxmber of bars, huve been experimentally detemined to Uxmre 1 
I 

the resistance of dyuuic bfPorto gmli.laea b&f groJwtiles; t;'liLLe to- 

tal sectiona of steel that arc t;he result of these determbnations 

will provide cm excess of stren&h against a&tie forces, in the 

usual candlW.cns of conatruc%ion of concrete shelters, 

~,t is best to subciivide the steel an& to distribute it thor- 

ou.gly in the- co~c:i.~te~, ;ji, UEI to increase the homogenity and to make 

unifcumit~ of s-irer~th in the lThiim3 rlli&lss~ 

313 thzit effeet2 it is b&ter to use SJ, &q;e nmber 2-f -------- 

!.';f;i&.i:il sodti thL& a mai:. Ix?. .be-p UP Inqe (-jXZes 0 " ..-..--..z~.", 

4 - Ai-ral;ge;tient of mt21 b~~i.rs .for arehti~ or 'iiax%~~~tal sl;ri.'i:~, -^ - u-p- -<-s 
yq-late 45) 

Ti'if? zaeragx p.m>;zrtion QS i,t:t;&l 1212\3;$ be 86 ?.' <"c-d *hl&# r per 

cubis ~~,~-j~~~~~ af c(jncrG !,1;; .~,41;ic C3$fi$.i!j~i)fi y$$l1, be ac:'!x.!.! tiy 2tl-i ;:;r incur+ 

p 0 l.'b?J 1. ng ho~izont~l]y i~Ii;~!;hj~ ~~~il~~~~~ in, :,:ie ;~~~jp~~;3te; t;tl<> SZ;CC~~-- -.-w....--..A 

grilla~e xxi13 oonsist of $2 rs/m Stirs laid in sqJ.;ares of ai, oec* 

*\n 0 + CI, ri* ” Q u r sides, ---P-Y I.2 lu rLy ‘z-3 bars aIre ’ ~ (L-&t brig fr.gze woJ-*ka n&&e 0-f &r-&;cr 

*USYS :::a;~ occasicnsilg btt tidei;; tht d~~~i~~sio~ of the ~L~~~;~~~s hz;i the 
. 



r;pace b yp!ye~dpl g-j 1;s i 3 -psi?, ,:>-.Y-! .. . I,\. .--cd& SC a,y to obtain a, wei@- of 

60 If@ Gi cf L&&,l yc;r (=Q-a;s ;; $t yrL' 0-f - cmxm?te; but the reBj.its;;rzce 

02 the block is tilr;r~: less fur h 5-e lq:eij_+t of tiettai t&xi it should. . 

be if built witii 10 g/;~ bti~qti li;tiu ;;s; h&s btie312 di:Ser;'i'ueti, 

x&YtJ IT the d 3 winf~rcei ccw;er~ete slabs or arches can be 

~72~tly r-einforeeri, j~;r ~;ir&j-q 1~ thehi i)ecf~ LX- rails or metal beas. 

The rzd-1~ rr;v,st cot touch each ut;t;tir, they imet be spaced ~30 as to 

league o,?.o nieter~ ~r:itith between e;kch other into which the concrete 

~311 penetrate, a unicrl is thus obtaimd between the two layers of 

eoncrete that are on either aide of the bed af rails;, &en the rails 

and b ear.!ls hre placed sige by si(k, continuous planes of weakuese 

2 re treat eb J where sliuing C.~Xici cr;;luiiin,g may be expected. 

t&o bedssof con.crct;c :Are -b I cIIa.dC rei.nPorced with iu IQ//n bars 

~aae into g-rillagc;3 30 W..a.t, tixeepft 8r:r regard E rails, the density of 

the rietal remains erpa3 to 81) IKilogrms +r ctd2ic meter of comcre2;e 0 

-JJ? ae”i.7erLL.1 lTL.:v-C Qf: raAj.JF are xl;a:ic, adjticeI?+, lavera are 
d d 

pendicularl, to esch other, 

yhze grills are placed hordzontall~, e.~n in the arched 

11,' - mTw:tC:‘ement 0 f LLflt*Zil flI%.1Zie POr CfJIrerj.rLF’ TJ$rg steep cral1eries, > 
(Piate 45) 

*he percentage CG uletal, the strst;ior,a of rrsz:e vJork 1 the 

siz‘e of tdi* squares, OX,, cie3crlktia zbov$ L';re p&q-Jp-&d ) but the 

crill63 cr;bmot be ylasd in b hOriZorrta1 plane, hyec&use they would be e 

in 2~3 un i'avourable dir,-c-Lion for rek3iatarlce<, 



As it is impossible to pour the ccnor@t@ down the very 

steep slape of the gallery, the grilla o&XtXXlt bf3 qlU?d parallel %O 

.the longitudinal E&XI of the gallery, SO they am given a li4 slQT=, 

ami this same slope IS LIVED to the tamped surfax of each layer 

of ccncrete. 

_ c/- gG?..!!w~~~~~t~~ C.2’ & ~9 Hyde gu go 1 jy ~~~&~--qy(-)‘~~j$ U CO ‘NC%WE ‘iJiUZ.S o - - 
(Nate 45) 

~GIJ~S of reinforced uunorete exposed to artillery ffre 

whethsr proteoted or not; by a tkick mound of earth and priles -of’ 

rcmki3, must have the foliowIng metal-work : 

lo/- In cash aurfaoln~ of the wall. placxs a vertieai~r&ii 

nsrf,th squarea of O&j meter Sides amd built of horl~zont;tl and Bert&- 

oaa bars of i um~ in Uamter, 

aQ/- gn the exterior surface o&y, place two xwrtdoal 

sheets p parallel t;od>he aurfaciq8 axed fmmed sf rods 2 centix&xrs 

in diameter spaced 0430 mettars apart In each sheet, these sheets are 

re~peetlvely i&$ meters and Ometerg from th8 exterior SUrface; --. 

the bars of the fwo sheets are staggered, 

A31 these 2 cm. bara are prolonged at their qg~:r j~art so 

8s to penetrate as far as ~ossIb3.e in the arch or in the slab car- 

ried. by the wa1.L 

3+ ‘jj;k3nxxghout the entire, height 02' the wall, place hori- 

mymbal grills with j3QUN'eS With. 0,~S.meter Sides SBaoad vertfcallg 

meww, by oJ5 and forand of' bans 1 ~111~ In diameter, 

I&t IS well ta remember that I? the wall is not protected, 

fifie Frye-works 'W%11 h&rQiy X?ArniSh. the l%3iStance agaln8.t Sever&l 



b3olated hits, 

&D-Q: reinf~~r~~d concrete ~~118 that me noti under astil- 

lery fire, or that are psotected by a great Eaef3 of rocir-~~rk, 
the 

fmne-work cum be aimylffied, 



iCJG%XJTpIOIJ OF WkK 
c-----h 

yara o 1 - mw~s -pt,c co*s~~~y;~~ 

lo/-- AS we have already seem:, the fmm for shelters of 

prsonml ~3.11 usually be ~f,acle of sh~5ettllron ~rehes or ~7o~~~n fracies, --- -,--_--_ 

The sbeet-ircn arches vi.11 be rA.cformd by a verticml --_- 

strut qholciins the ke;~, the horiz3A+V~ +-q reitil-Jrc?eme'fit TTlli be oar& 

pleted b;y Ij cross-yiecc 2? ,lilwe~ between the -b~mgrground sills, Mmae I ), L 
separation It tlwtxes. ($I& 14) 

i: 

$12 a case 01 a WeLi h3!zinecl Ureeticn ol (lc~fi~erou~ hits, 

the body of the aug;-ou"c vri13_ be ic+tili rxre rein-fforceti :)y an oblique 

prop, placed as j.ncIiieatecl cry plate :g. (t30 xe~ers apariJ a0 as not 

an the iininga of ,pllsd.es, Lug-o%ts cr pasage wqr8, the 

fr;;lz?J,es will sci 22 xx& 0 I 50 gWt~rt: hiart center to cen-jj$;r, 



The frmes of grkind ~wiltiriea vriii be reinforced and cross 

braced eveqr tv$ meterg by &Xl ;zrra:l&. tr;‘hi ti 11% r;iE.tiiar tc that in plate 

350 

p/- r&j far&a ua$ “0 e &i;.fa’i;l< 3 for t’Xau,ie iL me conE;- 

truction of $&jtir-gst,~rleg, casserr,ate;2 for ~i;;';chi2e-gms, etc, O 

111 this Cr3ue -ghuJ; yiTj.ll b 3 f'~rme;i by bolsters resting* on e- 

be &it’;C, 
su~~$or’t&i >;r l;r’t.-;iJ~c ykx Coistera will. be built of planka; 

they wLl2 be laid close tO&et;her to p3kivent mortw from rtmnir~ A,. -a... .w_ - - ---- 

through but DiUst ~1.1.o~ tLe d-ripping of water &riven out of the con- 

crete Ciiiring the t,tiqjll?g and se%tifi~, 

%+~,e d-jst;&g.ce a2sr-t of be&n;, will be d~ttXXiXiE!d b:J -1,h2 

thickness of -mmd us&. for the bolsters; the nuxbw an& 2lwir,g tif 

cieat;ls ~i11. ~IcQ~xI~. in the diaensicns cf the be2>risC The ~~ood-mork of 

the YOIT~S XiUst be p$.ven a &yea% '23 venl.,tll mdci 3 suffieierit ri+s>itxr Ls 3d. 

of the rr,aterlal~ over theq i;;;; an tineqpti~ tmyiq oT t;h+ i:1.ortar, 

OS by me iosd izl-$o seti by thrs ILL,SS of' concrate, 

!to facilitate the .~Hwv~~~ of l;he ~GMBEI and re -uti&a.tion 

0 f th.c: ti,~,bera it ia bt%t to I’u2; thd:;c s;;oalij 011 -t;‘ila 8urj.&&i of “=he 

b;:lc;:;-t;gyg; 17-J (-jJ:y&,-tt ;r,r;-!jl.m <;;,I: :;,,&.:.$\.q hl1i.i i,& ;s;‘o>,y yyJ1 be J&c&. 

0 n rrredv Lu blcc;is, 

Lastly eare z-ii1 be t~&cen when buildirLg the fo~~ls tc n;ake 

marks at the 3levaticn whore the 1;?:73tai grills ase ts I)3 p&cted, 

j,J~lr~- 1 2-- p;: :3-yjLy-[gjq, c; ;a 0 p mJI’$ g,:‘I’3FLJ ,r,~> f ~ 

a/ I- pr,e~ii~p; ooncre'Le on the u&si -- 

The boor-i;ar is fimt prepared, and Illhen 1-t) ia rh!,ix,j l&dt,h 
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fhe aggn+pte to make the CCGXX=~~~~~ yor making mortar, a dn7 mixt,ure 

$8 first made of sand arr;l cmmnf;, 80 that 8 dell iidixed Eass is ob- 

tained then little by .U.ttle the groper quantity of pure vfat;er is 

added 80 as to obtain ttfter rui~-t-;r~-e 2~ aortas- of proper oonsfstenay, 

!Phe cpantity of mtc.2 dependa on -We tem-perctrure and t3?e drynea~ of 

the sand, Tphe mixing is firkit be,g.m with tz weight of mter equal t-0 

25% of the+ weight of the cement. Yhen water is aMed till the proper 

consistency is reached; the mUis3 has a good consfstency wtum. a pie@@ 

of mortar taken and squeezed in tYm hand in easily given a fom of ;z 

ball., and ooze8 water slightly,' arzd when a ball of snort&r of 3 or 4 

ctentifmeters in diweter, falling on a flocq takea a convex and 

uneraokea fumo 

x-t is best; to have avai1ab1e at lemt 15~1 Xitres 09 water 

per cubicz meter of eoncrete to be made ; this provision doea not 

com~rise~the smter necessary f’ur ~c~ahing the aggregate, or for daqp 

fng- the aurfacea of the fume, etco 

she ~&~ing of the mortar fa made with hoes and Bhove3s QXI 

a mixing board zcad@ of heavy platis, 0~3. amall jobs otherwise mixers 

ar8 txsed, 

For preparing the cmnmete, the gravel is mixed with the 

mn?xa prepared, as above; the gravel is wet, but oom;letely drained 

off befUr bein$; mixed with the ~~rtaro The mixture is made OTZ. a 

mixing board, with shovels am-I hoea for small jobs; and anfy l/3 

mbzLo meter is mixed at o;ae time, B%U important work mixer8 are used; 

b/- preparing the metal workO- 

AU the bars have on their end a hook the opening of &Ii& 

i 

I b 
t 

i 

i 
1 

I 
1 

I 

j 
i 

i 
t 

1 



is 8gu~~l ts %Jmr ur five +-$&es the diameter of the bar, when a bss 

ha too short to go from one side to the other of the fraae-work, 

the langth is completed by two pieces pk,%ced in extmsion of one 

another, furnished with hooks at each ecd and over lap;?irg 

tance equal to w tigiea the diaarrister of the bar, 

fhe hcmks on the bars are Dade while cold; labox 

eoonomfzd and the ml;tsl is test&, $CI do this S, bemh ami 

are used; a lever 2 ~~163 long, used by two men, aflgy+q the 

Dending 02 steel ixrs j&~ xz;m j;hicki with a ojawed crow-bar 

bars of 10 m[ms (38x1 be ea&.ly bent, (plate a&) 

a &is- 

i ssu - 

levers 

cold 

cl 2 15 long, 

%h’hgJ 11;e.&-J ;ro& should be cleaned with a wire-bmsh, 8s far 

as posaibl8 of rust anii riiortar, it is necessary for then %O be cd earl- , 3 
%tdhcrent rust presents no obj ec*t;ian, The rods are cut accordi= to 

the lengths shown on t'nc plam (hookg~ includsd); %!CI aiq$H'y cm-Wing, 

atandar;*r Zatigths that vary by 1~ centimeters are adopted, -- 
gum the rods are bent, thf?JT ikre piled up on the ground 

each length igl II db.M.not pile; in this way ers~r~ ayld 10s~ of time 

are avoided, 

Para 3 - pUCIRG OF TK’& CrONCwB~ AmI OP Tfiis ~~~,o 

yhe placing of the concrete Is done in the sari;;; vqay for 

apeeial or reinforced concrete, 

vihen @.re nelAfng or expanded aeta 1s available a oonti- 

nuous Bheet of it is plsoed 0x1 the ,Qonm, this netting pre-venzs 

mall particles of concret;e frm flying away ~41de~ the action. of 

pro jectiles:j 



r 
.@ove tkia fretting the firat grill is ~daced, 3mi thqr 

$ 
are 2. , 

bound tog;et%,er by numerous wire fasteningso 
I ', 

r~hen the ~1~i.11~ that -,uat be used fn the CoECrete have ti - i k 
f 

smdl mrface, they can be built beforehad on the &round, by I%+ 1 
teniq the bars together p;rith e~'e, and then placing %hem a8 one piece 

I 
i 

when the concrete ia at the proper level for their use, 

of OR the contrary tkL;e frames are too large TCY trxxL;ct:- 

tation, they me built up on the ccncrete thzt haps bee2 r~~t%~;:,,,~; 

off at the proper Jev~sl., 

TO phCe the bara at t;;,e ~YLI~!II yz:ii-tth ~~:l:l. tt;c7 holci &hem 

there dUrI% the placing 02 t;he concrete,, notched battoxla a%;~ be u-- 

UWd, 

Ithe bc?rs that follow the ed;i;es of the frme are shoTred 

through the hooks of the bars that end at thoseedges, I I 

ln the distribution of bare vertictilly care IFI taken to . 

place the upper fram flush wit;h the upper lining that serves ELLS 

C0piXl.g and it will prevent its CxXM.ng, In case of Bn arch cne 

of the framea m.mt be tzmgent to the cram. 

8hen the first frme is inplace the pouring of th.a concrete 

If the mixture sett3 2%: Qx*ir!~ its transportation to t& 

vi0 rk, it LIlst be B~V~EI. a II~W ~:i~i.llg before youring 1% in the foma, 

li;i~i@ p,uur.;irq is rs3.W bJT 0,15 2? layers, -t;hat is in thickness 

Yhe upper 1 jiirt Of thi: 1 LLEt lLi;rer pat -jn ql;;?ce, that w-j11 .I. 

wxwequently .froml the extrados of '- uffe arch or of the slab, can be 



rmie richer ix1 me-, d3nt and of fine ,pw&,, (6&J .@po of cement per pL3 

of gr‘svel) B 80 ZLS toar;;ake a surft;;ce (levelled with a flat tap and 

GtLGO tlzeii '6b$i$h 2 trowel) that assures the wster~ tightness of t;he 

COVB3?a Yht? taqdng of the concrete 18 made -3ith 15 kilogram rap 

CiBrS (1) Ox’ COU~,r~f.ll@~d aitr tmpa (pillettes); it muat be done 

energetiwll$ and carried far e~wq& to make LL sheet of mortar f~.ov; 

to the surface, in which the Let&l baru vrrfll be placed, The adher- 

en08 bet7ii’eeu tha ba233 iid the conorcte will th~;is be 8s~ured, (joncrete 

forrmd bJT broken m~ira m-ill need z longer tamping than that made 

mtth gravel 0 The f?xce86 of water in the concrete diminiahes the 

S'fXeWth, lew$hens the time of aett&g and ~alces the tapLppag diffi- 

m because the cmncrete slid& frog: zmier the metier; besidea this, 

out of the excess water yroduce~ o vacua~s In the intwior the dripping 

of the EELQS~ 

f3 n the ecntrary, tm my a concrete harckns $00 ra-g.iucl~~ u-c 
is -lesE bcund to the aucceedin.laJiera enii JJr(jciuces -. S.-m.- a -2~) yc;-c; g ant; __42. 

un-h(j~o);e~;ec-$ CJ mass. 

sible without iri.t,erruption, 60 a8 to ~voiii joints; beaiirs this, each 

;‘&C e t() 21 iOi;r &ii r;lll-jll’t; (dd’xi;i,l ted 
poOaring it i 8 di.v j. deci into part; 3 
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that are separated bsyj vertiical joir~t~. their surfaoes are uade 

lvi-bh proje~tj~ms ~0 aL3 “r;o azc-c: tidure. the juiniag; af the adQacen% bloc;cq 

for example with half round stri$g faatemxl Lo the forma that PO.L*~ 

the joint, (Fig, El’1 4 ii 

'~.Sen?i-~i~c~~arpores -- - 1 

p f 1 UC; :: -.\ 3’ -, ~i,~~~~ticn In -bho ~~~slr cam.o% 5~ amide2 the surfaos 

of t,k,e c;cficl:~+te -i+?iat Ila~; ~lre3,d-j 35-t; rii*ust, \ 03 cleaned of all loose 

f&y - - .-j C-J :r, 2 ‘I- Q *b 8 that h;-;: 8 ‘u qpn .c;o hr+r&en on the x;,ixj.qg board 

must be thrown z~s;~~B,~ 

ra'll@ sxe G.iust be kept ii+. mz-bil it has at&r-i;& to see!. 

j%VOid lk3EWi3.g iti unden~ th@ 

also be pot wtxd from wLGgh by & cove-ring of atr:aw> of targau.L 

lius,oP sw!~~i f2tx3 <r3 ~ 

Yh.s placing 0F concrete 0oj.d 

weather, ( ~.‘ek~jp3xkt-ure near 0 degrees wntlgrsde) o 

para, 1:> - ‘Fgsxg Kl:i; 0 if3 Y.ki ii iq,M.-gs s 

-- - 

Th e -3 7 yn,',. 1 c/ A. & 3 xllua-L nut be reclove;: t;oQ-ss, aa the atsa~th of' 

the concrete duriag the first ‘Weekf3 i8 a VSly Small fraQ*Qjn 0-f 1%~ 

final resist&nce* 

- 
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52-u strength in. ~OEQ~~SS~CUI zct me exnd of 28 dti,:l~ ia only 

4qmP of its strenp;th at the end of a year: -.--A _ 

mwrtheless, bsca.use of -the :-’ gxs~t relative thickness of 

the arches OIF the ~litb~, that in 13 greatly sqxxior to that that qould 

be nmm3aq~ to sugp0r-b the statlc xk~3c~, the removal 0.f the fu,r;~ 

can be m6e, even In tine case of" spcial concrete, tcn*s aft-,er t;hf+ 

tioncrete is - pue in.piace, if dynmic sf'hmts are not imxeai.atcly t;o 

00 feared, it can be dms LL MI evm shorter priaci, if t.hc? blc.Nk 
of eoncrete contaim me or tm~ k3yczrv ;;tlf rai1aa, 



YEIX I> PAF‘RT 1 

-p/e have msxa that in fkld VKC~B, although generally 

rwmasary to seek protection again& 2ltj $3, there a.233 cases ~&en 

we n;ust be 30ni;enteb v:ith a Pesae:* protection, 

'Jhe shelters so constmcted wl.11 be ~r~ostly n;ade cf g, lj- 

ning of wooden ~IYSEW or sheet-iron archer; ~~~awi viz-h a prc;-!,gc- 

tive Dm38, for the eatabTLis&ent of ~W.oh the %ollcmi.ag prlncipi.~ 

sllould be ra~embered : 

IQ/ 0 =-. A ~LJ+.L- I;f logs OS c ,15 to u,;so meters diame.t.er, 

well fastened topther, placed on t;hc ausf ace of the natural eurth, 

and. oovered with 1 meter of 28rth, is dcydivalent $p 1 rrjeter of nat;u- 

sal earth. (&Ld!us:LY) a 

z"/- A layer of fresh turned eart;h cdfsrs about half as 

muoh resistance as a layer of naturztl soil of s~x~e thickness, 

ZO/- It is easCXXkI.al that the constmction be g&e ~0 that 

the greater part of the protective IVAHS cites ~0% bei;tr ail the body cf 

the shelter; the value of the static efYorts it will. have $0 aup- 

port -aill thus be dircinished, and i-8 vdS.1 be ic better condition to 

resist the dynmic C?ffOrti3 CCiUEei b;T thf? ~3X:,~3GcciOn 0-f ~~roje~tilea, 

Y"i- fl'he resistmm of tha s&l?xx will be considerably 

inc:rG:ased bJT the adding of a shell-explodiz layer (bursters) 
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&.l,r:2~* ui ld&f;, , ,r&ck>. 3) ji:zta,! ‘1: ek&;f*; ” ~>$+~~~LJ of (~$~;~$~~$ (jr $(;~~<]*-(.. 
-t r< j 

“L - ,.,,, -. . . 
8 i, A ‘d + 

; Y ,-. ,,. 
rb. t ,.i .LA 

k;!;, Q e <-. .:= 
” rd 

; a ; 
‘-2 c: L’ 0 f 

:<‘;,&-J;; i:‘r bursters. 

yy&c?~ b-1;;;;) ,-j >I).% ‘2 3 -f-+&yp. &p<m f,on ^t;he ~~&a; $1’ yards ) Q x’ 

.6&y (aB,-J-j. a,72 G!&JLs-jj-YJ lmllt on thT-3 S~wt, by &qgnt:el’ trooyk: 

~(--;“;~~;yj, .;;&-; >L;:b jji; r]lz:iLt b _ I,~lj;“jlj:~.~i~$ $j;;i~1fJ&&-j-j b_i&-;AIk;,f: t; ,: 

y ; 2, :> yJ &:T& 1. $,“~$ ‘2 c f-.&:y,z +- ’ c> TJ :‘-& f v .1* .d 
-./VW... .,,.” 

iliz,, 7; fjh e \Jp;p ‘E,JpT~,-, ‘3 c. 
----;.h- ‘JGLij. 

a.-- 

‘a $?jiJg iI:,7 ats 4*?) ( 

f 6~~: :‘:J 116. ‘;, -1. ‘,;‘i,i i):t f~;l:;~~~.i 
f 

&px-J70 &pJon ‘, ; kKJ1? iit x‘s5 of 3 
i 

fj;ruvel 0,024 m 
.i i 400 Kge, of .vo rtland c? eiLien$ : 

%vK-iJ&t of the iron : (fj to 7 ,&fi, 
i&::Zzp,t Qf $<,h~ fjl;li,b , &&ps:.t. 9-30 &g ! 

If t4ia ::. ii;; 8 x3. sf, .J a”3 (,) :i:” -F;;lz 2 e 1 &J”J aye e p, g &&+ ~ -CL “2 (A i ; :‘f, c, q- Iv y, \..i 
&$&-- * “L,;,-LL,+ 

c2 _, & T 

is used 3r u, if the gr2m3X i3 rt:;lacc;d 229' iron slam 00 

,kf tiEe is ltxkin,, ~“Grtau,d. cene3l-t; c:13,x1. + be rq;].a:j;:ci_ QT 

grout (cllt;,c$nt Z’L?ndu) tl5a.t $j+t;; -i&J, I.-yTi.‘??r‘: dq’s 

me somee-Gion& 8f the slab6 art;! Lade fJg TJ.@qF sot’: ateE. 
f Q n '5 b#,,r! 2: la q'm and.. 0 460 met@r8 1OLgj C3r.l~8e;! by tWiki+. i Lg 'p0 5l!(3Y'if&8e 

me strw!~?. . 1 P tl::e eng-loviq 12&;/9r, fWG ~ay-tm3 cd" sla&? iuay be 
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Broteetion 8Jgal.nat SQiiTv --P.yC~WJo.II.. . . 

1-t txia I36 admitted %hat shelters are pksof 8gam3’; ao$# 

j% bed 0% ra%lgs or $zi.?wd Xoge ~sveresf wNh 1 x~e%er of 

Mwth, with an ugpsr bwcstes, and that lihqy are ~!x+ 

shells when they oolmiipriao : 

aayera of ra%la or loge segaxatsti by Q m 50 of sarQ 1 


